,BA@KGRCUND OF THE I NVENTI ON The present invention is directed

éen1 synt hesi 8 for the preparation of taxane derivatives such a
taxotere and-.ot her biol ogically active derivatives involving the use of
net al aIkOX|des and oxazi nones.

1 $EM SYNTHESI S OF TAXANE DERI VATI VES USI NG METAL ALKOXI DES A j ES
t axol ,

SEMI-SYNTHESI1S OF TAXANE DERIVATIVES
USING METAL ALKOXIDES AND OXAZINONES

BACKGROQUND OF THE INVENTION
The present invention is directed to a

5 semi-synthesis for the preparation of taxane derivatives
such as taxol, taxotere and other biological;y active
derivatives involving the use of metal alkoxides and
oxazinones.

;The taxane family of terpenes, of which taxol is

10 a member, has attracteﬁ considerable interest in both the
biological and chemical arts. Taxol is a promising cancer
chemotherépehtic agent with a broad spectrum of
antileukemic and tumor-inhibiting activity. Taxol has the

following structure:

‘e OAc
caﬂscogﬁ (d U 19 OH
< \:' v \olmmna 1s (1)
i z §\%,A\
oH £H §
£ OAc\,—O
CgHgCOO

wherein Ac is acetyl. Bécause of this promising activity,

taxol is currently undergoing clinical trials in both

France and the United States. _

The supply of taxol for these clinical .trials is

20 presently being provided by the bark from Taxzus brevifollia

(Western Yew). However, taxol is found only in minute

quantltles in the bark of these slow growing evergreens,

causing con31derable concern that the limited supply of
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Thé"axane famly of terpenes, of which taxol is a nenber, has attracted
consf derable interest in both the biological and chemical arts. Taxol is a
si ng cancer chenot herapeutic agent with a broad spectrum of

pro
antif eukem c and tunor-inhibiting activity. Taxol has the follow ng
structdre: [err] wherein Ac is acetyl. Because of this promsing activity,
t ax Is currently undergoing clinical trials in both

. ‘ 2

taxol will not meet the demand. Consequently, chemists in
recent years have expended their energies in trying to find
a viable synthetic route for the preparation of taxol. So
far, the results have not been entirely satisfactory.

5 One synthetic route that has been proposed is
directed to the synthesis of the'tefracyclic taxane nucleus
from commodity chemicals. A synthesis of the taxol
congener taxusin has been reported by Holton, et al. in.
JACS 110, 6558 (1988). Despite the progress made in this

10 approach, the final total synthesis of taxol 'is,
nevertheless, 1likely to be a multi-step, tedious, and
costly process. . |

A semi-synthetic approach to the preparation of
taxol has been described by Greene, et al. in JACS 110,

15 5917 (1988), and involves the use of a congener of taxol,

l10-deacetyl baccatin III which has the structure of formula

I1 shown below:

10-deacetyl baccatin III is more readily available than

! 20 taxol since it can be obtained from the needles of Taxus
haccata. According to the method of Greene et al.,
10-deacetyl baccatin III . is converted ~to taxol by

".atéachment of the C-10 acetyl group and by attachment of
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and the United States. The supply of taxol for these clinical trials
ésaently being provided by the bark from Taxus brevifollia (Wstern
 However, taxol is found only in mnute quantities in the bark of

sl ow growi ng evergreens, causing consi derable concern that the

l'imged supply of

the C-13 B-amido ester side chain through the
esterification of the C-13 alcohol with a B-amido
carboxylic acid unit. ‘Although this approach requires
relatively few steps, the synthesis of the B-amido

5 carboxylic acid unit is a multi-step process which proceeds
in low yield, and the coupling reaction is tedious and also
proceeds in low yiéld' However, this coupling reaction is
a key step which is required in every contemplated
synthesis of taxol or biologically active derivative of

10 taxol, since it has been shown by Wani, et al. in JACS 93,
2325 (1971) that the presence of the B-amido ester side
chain at C13 is required for anti-tumor activity.

More recently, it has been reported in Colin et

al. U.S. Patent No. 4,814,470 that taxol derivatives of the

15 formula IXII below, have an activity significantly greater
than that of taxol (I). -

(III)

R' represents hydrogen or acetyl and one of'R"_and R"!
represents'hydroxy and the other represents tert-butoxy-
20 carbonylamino and their stereoisomeric forms, and mixtures

thereof.
According to Colin et al.,-U.S. Patent 4,418,470,

the products of general formula (IIXI) are obtained by the

::::::i:::::::::::
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)l will not neet the demand. Consequently, chemists in recent years
¥pended their energies in trying to find a viable synthetic route for
eparation of taxol. So far, the results have not been entirely

synt gesis of the tetracyclic taxane nucleus fromcomodity chem cal s. A

synt fesis of the taxol congener taxusin has been reported by Holton, et
4 .

action of the sodium salt of tert-butyl N-chlorocarbamate

on a product of ygeneral formula:

o OCOOCH,Cl,

Iv)

v H
p )
OCOCH,

in which R' denotes an acetyl or 2,2,2-trichloroethoxy-

5 carbonyl radical, followed by the replacement of the
2,2,2-trichloroethoxycarbonyl group -sr—greups by hydrogen.
It is reported by Denis et al. in U.S. Patent No.
4,924,011, however, that this process leads to a mixture of
isomers which has to be separated and, as a result, not all

10 the baccatin III or l0-deactylbaccatin III employed for the
preparation of the product of general formula (IV) can be
converted to a product of general formula (IXIX).

In an effort to improve upon the Colin et al.

process, Denis et al. disclose a different proéess for

15 preparing derivatives of baccatin III or of lo—deacfyl-

baccatin III of yeneral formula

-
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#°(1988). Despite the progress made in this approach, the
ynthesis of taxol is, nevertheless, likely to be a multi-step,

ted# and costly process. A sem -synthetic approach to the preparation

has been described by Geene, et al. in JACS | 10, 5917 (1988), and

kes the use of a congener of taxol, 10-deacetyl baccatin Il which has
the JPucture of formula Il shown bel ow
. ) . 5
R O o OQH

|

)

H
OCOC4 Hy

5
:
Cg Hs——CH—NHCOOC( CHy) 5 OCOCH,

in which R' denotes hydrogen or acetyl wherein an acid of

general formula:

O—R,
. (vI
(CH;) 3COCONH COOH
CeHs
5 in which R; is a hydfoxy-protecting group, is condensed
with a taxane derivative of general formula:
R,0 o 9F
(VII)
H --
i OCOCH,
OCOC4He
in which R, is an acetyl hydroxy—brotectihg group and Ry is
a hydroxy-protecting group, and the protecting groups Ry,
\
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10- deacet yl
n.be obtained fromthe needl es of Taxus baccata. According to the

d of G eene et al.,
hment of the C- 10 acetyl

baccatin Il is nore readily avail able than taxol since

10-deacetyl baccatin IIl is converted to taxol by

group and by attachnent of

are then replaced by

employs relatively harsh

R3 where

hydrogen.

appropriale, R,
However, this method
proceeds with poor conversion,

and,
conditions, and provides
less than optimal yields. .
5 A major difficulty remaining in the synthesis of
taxol and other potential anti-tumor agents is the lack of
a readily available method for easy attachment, to the C-13
of the chemical unit which provides the B-amido
ester side chain. Development of such a process for its
attachment in high yield would facilitate the synthesis of
Ltaxol as well related anti-tumor agents having a
modified set of nuclear substituents or a modified C-13
side chain. This need has been fulfilled by the discovery
of a new, efficient process for attachment, to the c-13
of the chemical unit which provides the B;amido

oxygen,

10
as

15 oxygen,

ester side chain.

TH NVENTION
Among the objects of the present
is the provision of a side chain precursor for
and the proviéion of a

invention,

therefore,
the synthesis of taxane derivatives,
process for the attachment of the side chain precursor in
relatively high yield to provide an intermediate which is
readily converted to the desired taxane derivative.

In accordance with the present invention, a
taxotere and other

20

process is provided for preparing taxol,
biologically active taxane derivatives having the following

25

structural formula: .

-
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-'13 1-am do ester side chain through the esterification of the

. alcohol with a B-anido carboxylic acid unit. Al though this

ach requires relatively few steps, the synthesis of the B-am do
oxylic acid unit is a mul ti-step process which proceeds in low yield,

the coupling reaction is tedious and al so proceeds in |ow yield.

ver

this coupling reaction is a key step which is required in every
enplated . 7

0 RsR;0 . Rig R :
4 N3 19 1

. U 12—
RS/U\I;I):"[X" \Onmnn/\aQ | Rz0

H R, R

wherein
Rl is -ORG,' _
Ry is hydrogen, alkyl, alkenyl, alkynyl, aryl, or

5  heteroaryl; _

R3 and Ry are independently hydrogen, alkyl,
alkenyl, alkynyl, aryl, heteroaryl, or acyl, provided,
however, that R3 and Ry are not both acyl;

Rg is alkyl, alkenyl, alkynyl, aryl, alkoxy,

10 aryloxy or heteroaryloxy;

Rg is hydrogen, alkyl, alkenyl, alkynyl, aryl,
heteroaryl, or hydroxy protecting group, '

Ry5 and R;g are independently hydrogen, hydroxy,
lower alkanoyloxy, alkenoyloxy, alkynoyloxy, aryloyloxy or

15 R;g5 and R;g together form an oxo;

Rl7 and Ryg are independently hydrogen or lower
alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy or Rjq
and Ryg together form an oxo; '

_ Rig and Ryq are 1ndependent1y hydrogen or hydroxy
20 or lower alkanoyloxy, alkenoyloxy, . alkynoyloxy, or
aryloyloxy;
\
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sis of taxol or biologically active derivative of taxol, since it has
'shown by Wani, et al. in JACS 93, 2325 (1971) that the presence of the
+do ester side chain at Cl3 is required for anti-tunor activity. Mre
tly, it has been reported in Colin et al. U'S. Patent No. 4,814,470
taxol derivatives of the fornula Ill below, have an activity

?rcantly greater than that of taxol (1). [err]

8

Ry; and R,, are independently hydrogen or lower
alkanoyloxy. alkenoyloxy, alkynoyloxy, or aryloyloxy or Ry,
and Ry, together form an oxo;

Rog is hydrogen or hydroxy or lower alkanoyloxy,-

5 alkenoyloxy, alkynoyloxy, or aryloyloxy; or
Ry3 and Ry, together form an oxo or methylene or
Ry3 and R4 together form an oxirane ring or
§23 and Ry, together form an oxetane ring;
Rog is hydrogen, hydroxy., or lower alkanoyloxy,
10 alkenoyloxy, alkynoyloxy, or aryloyloxy or
R,¢ is hydrogen, hydroxy, or lower alkanoyloxy,
alkenoyloxy, alkynoyloxy, or aryloyloxy; or R,¢ and R,g
taken together form an oxo; and
R,7 is hydrogen, hydroxy or lower alkoxy,

15 alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy.

' Briefly, therefore, the present invention is
directed to a process for the preparation of a taxane
derivative in which oxazinone (2) is reacted with a metal
alkoxide having the bi-, tri- or tetracyclic taxane nucleus

20 to form a B—émido ester intermediate. The intermediate is
then converted to the taxane derivative. Oxazinone (2) has

the general formula:

Ry
\Tro (2)

N R,
R
Ry Ry 2

wherein R; - Rg are as previously defined. Preferably, the
25 metal alkoxide has the ¢tricyclic taxane nucleus

corresponding to the general forﬁula;

\'
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Fesent s hydrogen or acetyl and one of R and R'' represents hydroxy

'he ot her represents tert-butoxy- carbonylam no and their

oi soneric fornms, and m xtures thereof. According to Colin et al., US.

\ .

10

15

It 4,418,470, the products of general formula (I11) are obtained by the

wherein M is a metal, and Rj;g-R,; are as previously
defined. Most preferably, the metal alkoxide has the
tetracyclic taxane nucleus corresponding to metal alkoxide
(3) wherein Ry, and Ry3 together form an oxetane ring.

Other objects and features of this invention will
be in part apparent and in part pointed out hereinafter.

DETAILED DESCRIPTION
The present invention is directed to a process

for preparing taxol, taxotere and other taxane derivatives
which are biologically active using oxazinone (2), the
structure of which is depicted hereinbelow:

Ry
\Tro (2

N R,

- : R, By 2

wherein Ry..Ry, Rz, R4 and.Rg are as previously defined.

In accordance with the present invention, Rg of
oxazinone (2) is preferably aryl,'p—shbstituted phenyl, or
lower alkoxy, and most preferably phenyl, methoxy, ethoxy,
tert-butoxy ("tBuO”; (CH3)3CO—), or
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¥n of the sodiumsalt of tert-butyl N-chlorocarbamate on a product of
geniigal fornula: [err] in which R denotes an acetyl or

2, 2{@-trichl oroet hoxy- carbonyl radical, followed by the replacenent of
thes',2,2-trichloroethoxycarbonyl gr oup by hydrogen. It is
repdggted by Denis et al. in US. Patent No. 4,924,011, however, that this
ss"leads to a m xture of

10

~O-

- wherein X is Cl, Br, F, CH30-, or NO,-. Preferably R; and
R4 are hydrogen or lower alkyl. R3 is preferably aryl,
most preferably, naphthyl, phenyl,

O« O

wherein X is as previously defined, Me is methyl and Ph is
phenyl. Preferably, R; is -ORg wherein Rg is l-ethoxyethyl

10 ("EE”) methoxymethyl, or 2,2,2-trichloroethoxymethyl.
The oxazinone alkyl groups, either alone or with

the various substituents defined hereinabove are: preferably
lower alkyl‘containing from one to six carbon atoms in the
principal chain and up to 15 carbon atoms. They may be

15 straight or branched chain and .include methyl, ethyl,
propyl, isopropyl, butyl, isobutyl; tert-butyl, -aryl,
hexyl, and the like.
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gt ch has to be separated and, as a result, not all the baccatin
- deactyl baccatin |1l enployed for the preparation of the product
| formula (IV) can be converted to a product of general fornula
n an effort to inprove upon the Colin et al. process, Denis et al.

'ose a different process for preparing derivatives of baccatin Ill or
of z-geactyl baccatin Il1 of general fornula
11

10

15

20

25

30

The oxazinone alkenyl groups, either alone or
with the various substituents defined hereinabove are
pLeferably lower alkenyl containing from two to six ca;bon
atoms in the principal chain and up to 15 carbon atoms.
They may be straight or branched chain and include ethenyl,
propenyl, isopropenyl, butenyl, isobutenyl, aryl, hexenyl,
and the like.

The oxazinone alkynyl groups, either alone or
with the various substituents defined hereinabove are
preferably lower alkynyl containing from two to six carbon
atoms in the principal chain and up to 15 qarbon atoms.
They may be straight or branched chain and include ethynyl,
propynyl, butynyl, isobutynyl, aryl, hexynyl, and the like.

The oxazinone aryl moieties described, either
alone or with various substituents, contain from 6 to 15
carbon atoms and include phenyl, a-maphthyl or B-naphthyl,
etc. Substituents include alkanoxy, protected hydroxy,
halogen, alkyl, aryl, alkenyl, acyl, acyloxy, nitro, amino,
amido, etc. Phenyl is the more preferred aryl.

As noted above, R; of oxazinone (2) is -ORg w1th
Rg being alkyl, acyl, l-ethoxyethyl ("EE"), 2,2,2- trichloro-
ethoxymethyl, or other hydroxyl protecting group such as
acetals and ethers, i.e., methoxymethyl ("MOM"),
benzyloxymethyl; and esters, such:as acetates; carbonates,
such as methyl carbonates. A variety of protecting groups
for the hydroxyl group and the synEhesis thereof may be
found in “Protective Groups in Organic Synthesis" by T. W.
Greene, John Wiley and Sons, 1981. The hydroiyl.protecting
group selecéed should be easily removed under conditions
that are sufficiently mild, e.g., in 48% HF, acetonitrile,
pyridine, or 0.5% HCl/water/ethanol, and/or zinc, acetic
acid so as not to disturb the ester 11nkage or other
substituents of the taxol intermediate. However, Rg is
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10

15

20

n which R denotes hydrogen or acetyl mheréin an acid of generél
[err] in which R err] is a hydroxy-protecting group, is condensed

a taxane derivative of general fornula:

12

preferably l-ethoxyethyl or 2,2,2-trichloroethoxymethyl,
and most preferably l-ethoxyethyl.
Since oxazinone (2)

" carbons, it is known to those.skilled in the.art that the

compounds of the present invention having asymmetric carbon
or optically

has several asymmetric

atoms may exist in diastereomeric, racemic,

All of these forms are contemplated within
the

active forms.

the scope of this invention. More specificélly,
present invention includes enantiomers, diastereomers,
racemic mixtures, and other mixtures thereof.

Oxazinone (2) can be prepared from readily

available materials according'to the following reaction

scheme:

XOt Bu
R, H B2 R "\4/\/ !
Ra P2 Ry Rzgz
4 5 2

Carboxylic acid 5 may alternatively be prepared according
to the method described in Greene et al., JACS 110, 5917
(1988). B-lactams 4 can be prepared from readil& available
materials, as illustrated in the following reaction scheme
in which R3 and Rg are phenyl, R, and.R4 are hydrogen, -and
R, -OR¢ wherein Rg is is ethoxyethyl:.

This Sheet Has Been Rzﬁlaced |




N wWhich Rlerr] is an acetyl hydroxy-protecting group and R[err] s a
¥ - protecting group, and the protecting groups Rerr], -6- Rerr]
-where appropriate, R err] are then replaced by hydrogen However, this
d enploys relatively harsh conditions,

-

13-

CH,0

- OCH. S
0 3 <i::) F OAc

% S )
“, & & ORC
OEE @ OEE @

reagents: (a) triethylamine, CH,Cl,, 25°C, 18h; (b) 4 equiv
ceric ammonium nitrate, CH3CN, -10 °C, 10 min; (c) KOH,
5 THF, H20, O °C, 30 min; (d) ethyl vinyl ether, THF, toluene
sulfonic acid (cat.), O °C, 1.5h; (e) CH3Li, ether, -78 °C,
10 min; benzoyl chlbride, -78 °C, 1lh.
The starting materials are readily available.
a-Acyloxy acetyl chloride is prepared from glycolic acid,
10 and, in the presence of a tertiary amine, it cyclocondenses
with imines prepared from aldehydes and p-methbxyaniline to
give l-p-methoxyphenyl-3-acyloxy-4-arylazetidin-2-ones.
The p-methoxyphenyl group can be readily removed
through oxidation with ceric ammonium nitrate, and the
15 acyloxy group can be hydrolyzed under standard conditions
familiar to those experienced in the art to provide
3-hydroxy-4-arylazetidin-2-ones.
The 3-hydroxyl group may be protected with a
variety of standard protectlng groups such as the
20 1l-ethoxyethyl group. Preferably, the racemic 3-hydroxy-

—_—
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seds wi th poor conversion, and provides |ess than optimal yields.

t- 0428376 di scloses a nethod for preparing a taxol internediate by

ting an al cohol wi th an oxazi none, the oxazi none having the general

la: in which Rerr] is aryl, heteroaryl, alkyl, alkenyl, alkynyl or
rr] wherein Rlerr] is alkyl, alkenyl, alkynyl, aryl or heteoaryl;
rJ-and R err] are independently selected from hydrogen, al kyl, alkenyl,
nyl, aryl, heteroaryl, and OR err] 14

4-arylazetidin-2-one is resolved into the pure enantiomers
- prior to protection by recrystallization of the
corresponding 2-methoxy-2-(trifluoromethyl) phenylacetic
esters and only the dextrorotatory enantiomer is used in
5 the preparation of taxol. 1In any event, the 3-(l-ethoxy-
ethoxy)-4-phenylazetidin-2-one can be converted to B-lactam
- 4, by treatment with a base, preferably n-butyllithium, and

an aroyl chloride at ~-78 °C or below.
As noted above, the metal alkoxides used in the
10 process of the present invention have the bi-, tri- or
tetracyclic taxane nucleus. As used herein, a metal
alkoxide having the bicyclic taxane nucleus corresponds to
a compound containing rings A and B of metal alkoxide (3):

Ris
‘e RigRy7
18 R
T 19 (3)
mmmm/a A R20
N+ /B c9
H 4 s
R4

15 wherein M and R;g5-Rpg are as previously defined. A metal
alkoxide having the tricyclic taxane nucleus corresponds to
a compound containing rings A, B and C of metal alkoxide
(3). A metal alkoxide having the tetracyclic. taxane
nucleus corresponds to a compound containing rings A, B and
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N Rlerr] is alkyl, alkenyl, alkynyl, aryl, heteroaryl or hydroxyl
cting group; and R err] and R are independently selected from

gen, al kyl, -al kenyl, al knynl, aryl and heteroaryl. This nethod

ces yields of taxol internediate product in the region of 77% It

res a rather long reaction tine and also the presence of an activating
'to activate the oxazinone. In "Chem stry of Heterocyclic Conpounds”
987) at page 1157 the chem cal propertigs of inter alia

C of metal alkoxide (3) and in which Ry, and R,3 together
form an oxetane ring.

Preferably, the metal alkoxide wused in the
process of the present invention is metal alkoxide (3).

5 Most preferably, R;g is -0T, or -OCOCH3; R;g is hydrogen;
R)7 and R;g together form an oxo; R;g is -OTl; R, and Rpy

) are hydrogen; Ry, and R,;3 together form an oxetane ring;
Ry4 1s CH3C00-; Ryg is PhCOO-; Ryg is hydrogen; Ryq is
hydroxy; and T; and T, are independently hydrogen or

10 hydroxy protecting group. The metal alkoxide hydroxy
protecting groups may be the same as those previously
identified for Rg of the oxazinone, and preferably are
trialkyl or triaryl silyl, and most preferably, triethyl
silyl ("TES"). | |

15 Metal substituent, M, of metal alkoxide (3) is a

~ Group IA, IIA, IIIA, lanthanide or -actinide element or a
transition, Group IIIA, IVA, VA or VIA metal. Preferably,
it is a Group IA, IlA or transition metal, and most
preferably, it is lithium, magnesium, sodium, potassium or

20 titantiﬁm.

The metal alkoxide alkyl groups, either alone or
with the wvarious substituents defined hereinabove are
preferably lower alkyl containing from one tp six carbon
atoms in the principal chain and up to 10 carbon atoms.

25 They may be straight or branched chain and include methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl,
aryl, hexyl, and the 1like. ' .

The metal alkoxide alkenyl groups, either alone
or with the various substituents defined hereinabove are

30 preferably lower alkenyl containing from two to six carbon
‘atoms in the principal chain and up to 10 carbon atoms.
They may be straight or branched chain and include ethenyl,
propenyl, isoPropenyl; butenyl, isobutenyl, aryl, hexenyl,

and the like.
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a2|n 6-ones are discussed. According to this docunent, the presence
T.ds and al kal i s pronotes ring cleavage of such conpounds Ri ng

vage reactions of this kind are also nmentioned in Gazz. Chim Ital.

10

15

20

- 25

£7) 361 (1986) at page 370. It is said that 1,3-oxazin-6-ones are easily
yerted into derivatives by ring opening with nucl eophiles.

16

The metal alkoxide alkynyl groups, either alone
or with the various substituents defined hereinabove are
preferably lower alkynyl containing from two- to six carbon
atoms in the principal chain and up to 10 carbon atoms.
They may be straight or branched chain and include ethynyl,
propynyl, butynyl, isobutynyl, aryl, hexynyl, and the like.

Exemplary alkanoyloxy include acetate, propionate,
butyrate, valarate, isobutyrate and the like. The more
preferred alkanoyloxy is acetate.

The metal alkoxide aryl m01et1es, either alone or
with various substituents contain from 6 to 10 carbon atoms
and include phenyl, a-naphthyl or B-naphthyl, etc.
Substituents include alkanoxy, hydroxy, halogen, alkyl,
aryl, alkenyl, acyl, acyloxy, nitro, amino, amido, etc.
Fhenyl is the more preferred aryl.

' Metal alkoxides (3) are prepared by reacting an
alcohol having two to four rings of the taxane nucleus and
a C-13 hydroxyl group with an organometallic compound in a
suitable solvent. Preferably, the alcohol is derivative of
baccatiﬁ III or 10-deacetyl baccatin III having the

structure

(6)

wherein T; is a hydroxy protecting group, and Z is -OT,
wherein T, is acyl, preferably acetyl, or hydroxy
protecting group. Most preferably, the alcohol is a

i Shet“t Iiliilﬂiellnlllﬁlaced



major difficulty remaining 1n the synthesis of taxol
anti-tunor agents is the lack of a readily avail able nethod for

attachment, to the C 13 oxygen, of the chemi cal unit which provides

and ot her

t hefB- am do ester side chain. Devel opnent of such a process for its

10

15

20

in high yield would facilitate the synthesis of taxol as well as

17

protected baccatin III, in particular, 7-O-triethylsilyl
baccatin III (which can be obtained as described by Greene,
et al. in JACS 110, 5917 (1988) or by other routes) or

7,10-bis-O-triethylsilyl baccatin III.
As reported in Greene et al., 1l0-deacetyl

baccatin III is converted to 7—O-triethylsilyl-lo-deacetyl
baccatin III according to the following reaction scheme:

(CyHy)3S4C1

CyHyN

(7) (8a)

Under what 1is reported to be carefuliy optimized
conditions, 1l0-deacetyl baccatin III is reacted with 20
equivalents of (C,Hg)38iCl at 23°C under an argon
atmosphere for 20 hours in the presence of- 50 ml of
pyridine/mmol of l10-deacetyl baccgtin III to provide
7-0-triethylsilyl-10-deacetyl baccatin III (8a) as a reaction
product in B84-86% yield after purification. The reaction
product is then acetylated with 5 eguivalents of CH;COCl
and 25 mL of pyridine/mmol of (8a) at 0 °C under an argon
atmosphere for 48 houfs to provide 86% yield of 7-O-tri-
ethylsilyl baccatin III (8b). Gregnep et al. in JACS 110,

5917 at 5918 (1988).

-
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fied set of nuclear substituents or a nodified C 13 side chain. This
has been fulfilled by the discovery of a new, efficient process for

chnent, to the C 13 oxygen, of the chem cal unit which provides the

11 do ester side chain. SUVWARY OF THE | NVENTI ON Anong the objects of the
ent. invention, therefore, is the provision.of a side chain precursor

pr
forfthe synthesis of taxane derivatives, and the provision of a
18
Alternatively, 7-triethylsilyl-10-deacetyl
baccatin III (8a) can be protected at C-10 oxygen with an
acid 1labile hydroxyl protecting group. For example,

treatment of (8a) with n-butyllithium in THF followed by
5 treithylsilyi chloride (1.1 mol equiv.) at 0°C gives
_ 7,10-bis-O-triethylsilyl baccatin III (8c) in 95% yield.

- Also, (8a) can be converted to 7-O-triethylsilyl-10-(1l-
ethoxyethyl) baccatin III (8d) in 90% yield by treatment
with excess ethyl vinyl ether and a catalytic amount of

10 methane sulfonic acid. These preparations are illustrated.

in the reaction scheme below.
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ge for the attachnment of the side chain precursor in relatively high
p+1 0 provide an internediate which is readily converted to the desired
Ye derivative. In accordance with the present invention, a process is
ded for preparing taxol, taxotere and other biologically active taxane
atives having the follow ng structural formul a:

19

crcocl . ) (8 b
5 £
' Scocaﬂg
0s1(C;Hs) 3
0S1(C,Hs) 3
HOmun
n-BulLl
8a : —> ¥ 8
(C,Hg)5SiCl E 2 (8¢)
E £
2 OCOCH;
$ OCOCgHs
] C2H30C2 1,
( CAT)CHyS0;H 0S1(C,Hs)3
2 ¢ 8d)
i 2
: g
i E
iR B ~
i OCOC4Hy

7-O-triethylsilyl baccatin 1II (8b), 7,10-bis-

5 O-triethylsilyl baccatin III (Bc), or 7-0-triethylsilyl-
10-(l-ethoxyethyl) baccatin IITI (8d) is reacted with an
organometallié compound such as n-butyllithium in’ a sol?ent
such as tetrahydrofuran'(THF), to form the metal alkoxide
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¥r] is -ORlerr]; Rerr] is hydrogen, alkyl, alkenyl, alkynyl, aryl, or
toaryl; Rlerr] and Rl err] are independently hydrogen, al kyl, alkenyl,
yl, aryl, heteroaryl, or acyl, provided, however, that R err] and

] are not both acyl; Rerr] is alkyl, alkenyl, alkynyl, aryl, alkoxy,

>
.

20

1
=i

13-0-1lithium-7-0O-triethylsilyl baccatin III (9b)
13-0-1ithium-7,10-bis-O-triethylsilyl baccatin III (9c), or
13-0-1lithium-7-0O-triethylsilyl-10- (l-ethoxyethyl) baccatin
I1I (9d) as shown in the follewing reaction scheme:

| nihceriaidat: cicostilith § ghe il
s e st oo

Feann

=1' CH3CH,;CH,CH,LE  + HO--

b IE (ER A oP

At

CH,;CH,CH,CH; + LiO-

O

3 (9b) Z = -OCOCH,
3 (9d) Z = -OEE
..'

As illustrated in the following reaction scheme,
a suitable metal alkoxide of the present invention such as
10 13-0-lithium-7-O-triethylsilyl baccatin III derivative (9b,
9¢c, or 9d) reacts with an oxazinone of the present invention
to provide an intermediate (10b, 10c, or 10d5 in which the
C-7 hydroxyl group is protected with a triethylsilyl or
Jl-ethoxyethyl group.

o AL T o T R i R0 s R AR N
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-oxy or heteroaryloxy; R6 is hydrogen, alkyl, alkenyl, alkynyl, aryl,
eroaryl, or hydroxy protecting group, Rerr] and R err] are

i ndependent |y hydrogen, hydroxy, |ower al kanoyl oxy, al kenoyl oxy,

ynoyl oxy, aryloyloxy or R15 and R16 together forman oxo; Rerr] and
R.4rr1 are independently hydrogen or |ower al kanoyl oxy, al kenoyl oxy,
ynoyl oxy, or aryloyloxy or Rlerr] and R18 together form an oxo;

21

RO

O
L 1. O
W/:r Q) THY
- Ho E
hcoo &
AcO R‘ R3 2
9 b-d ©(2) 10 b-d4
. b, R = —COCHg
c, R = —Si(C2H5)3
5 ' d, R = -EE

Intermediate compound (10b) readily converts 'to
taxol when R; is -ORg, Ry and Rj ‘are hydrogen, R4 is
phenyl, Rg is benzoyl and Rg is a hydroxy protecting group
such as l-ethoxyethyl. Intermediate compound (10c) readily

10 converts to taxotere when Rj; is -ORg R, and R3 are
hydrogén, R4 is phenyl, RS is tertbutoxycarbonyl and Rg is
a hydroxy protecting group such as l—ethoxyethyl.
Intermediate compound (10d) readily converts to l0-deacetyl
taxol when R; is -ORg, R; and R3 are hydrogen, Ry is '

15 phenyl, Rg is benzoyl, and R6 is a hydroxy protecting group
such as l-ethoxyethyl. Intermediate compounds (10b, 10c
and 10d) may be converted to the indicated compounds by
hydrolyzing the triethylsilyl and 1l-ethoxyethyl groups
under mild conditions so as not to disturb the ester

20 linkage or the taxane derivétive substituents.

HF, CgHgN, CH3CN

10b > TAXOL -
HF, CgHgN, CH3CN
10c >  TAXOTERE
25 0.1% HC1l, EtOH
104 > 10-DEACETYL TAXOL
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and R err] are independently hydrogen or hydroxy or | ower

Bhnoyl oxy, al kenoyl oxy, al kynoyl oxy, or aryl oyl oxy; 8 Rerr] and

10

15

20

25

rr] are independently hydrogen or |ower al kanoyl oxy, al kenoyl oxy,
ynoyl oxy, or aryloyloxy or R err]

22

Other taxaﬁe derivatives may readily be prepared
by selection of the proper substituents R; - Rg of
oxazinone (2) or Ryjs - Ryy of metal alkoxide (3). The
preparation of such other compounds is illustrated in the
examples which follow.

Both the conversion of the alcohol to the metal
alkoxide and the ultimate synthesis of the taxol can take
place in the same reaction vessel. Preferably, the
oxazinone is added to the reaction vessel after formation
therein of the metal alkoxide.

The organometallic compound n-butyllithium is
preferably used to convert the alcohol to the corresponding
metal alkoxide, but other sources of metallic substituent
such as lithium diisopropyl amide, other lithium or
magnesium amides, ethylmagnesium bromide, methylmagnesium
bromide, other organolithium compounds, other organo-
magnesium compounds, organosodium, organotitanium or
organopotassium may also be used. Organometallic compounds
are readily available, or may be prepared by available -
methods including reduction of organic halides with metal.
For example, butyl bromide can be reacted with lithium
metal in diethyl ether to give a solution of n-butyllithium

in the following manner:

~-10°%
CH3CH,CH,CH,Br + 2L1 P CH@CH&CH2CH5L1 + LiBr
2

Although THF is the preferred solvent for the
reaction mixture, other ethereal solvents, such as
dimethoxyethane, or aromatic solvents may also be
suitable. Certain solvents, inéluding 'some halogenated
solvents and some straight-chain hydrocarbons in which the

_____________________
This Sheet Has B

[T

e ep RS Ay SN - @ e



oyl oxy,

err] together forman oxo; R err] is hydrogen or hydroxy or | ower

al kenoyl oxy, al kynoyl oxy, or aryloyloxy; or Rlerr] and R err]

her forman oxo or nethylene or Rlerr] and Rlerr] together form an

Xy, or

ane ring or R23 and R22 together forman oxetane ring; R25 is hydrogen,

| oner al kanoyl oxy, al kenoyl oxy, al kynoyl oxy, or aryl oyl oxy or

s hydrogen, hydroxy, or |ower alkanoyl oxy,
' 23

10

15

20

25

30

reactants are too poorly soluble, are not suitable. Other

solvents are not appropriate for other reasons. For

example, esters are not appropriate for use with certain
organometallic compounds such as n-butyllithium due to
incompatibility therewith.

Although the reaction scheme disclosed herein is
directed to the synthesis of certain taxane derivatives, it
can be used with modifications in either the oxazinone or
the tetracyclic metal alkoxide. Therefore metal alkoxides
other than 13-0-lithium-7-O-triethylsilyl baccatin III may
be used to form an intermediate according to the method. of
this invention. The oxazinone and the tetracyclic metal
alkoxide can be derived from natural or unnatural sources,
to prepare other synthetic taxols, taxol derivatives,
10-deacetyltaxols, and the enantiomers and diastereomers
Lhereof contemplated within the present invention.

The water solubility of compounds of formula (1)
may be improved if R; is -ORg and Rjg is -OTl, and Rg
and/or T; are a functional group which increases
solubility, such as -COGCOR! wherein

G is ethylene, propylene, -CHCH-, 1l,2-cyclo-
lhhexane, or 1l,2-phenylene,

Rl = OH base, NR2R3, OR3, SR3, OCH,CONRIRS, OH

R? = hydrogen, methyl

R3 = (CHy),NRSR7; (CH;),N°ROR7REX,®

n = 1+to 3

rR? - hydrogen, lower'alkyl containing 1 to 4

carbons : .
" R® = hydrogen, lower alkyl containing 1 to 4
carbons, benzyl, hydroxyethyl, CH,CO,H,

. dimethylaminoethyl '
ROR7 = lower alkyl containing l or 2 carbons,

benzyl or R® and

___________;___;___
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% onxy, al kynoyl oxy, or aryloyloxy; or Rerr] and R err] taken
t ogé®hér form an oxo; and R27 is hydrogen, hydroxy or |ower alkoxy,

al kaoyl oxy, al kenoyl oxy, al kynoyl oxy, or aryloyloxy. Briefly, therefore,

havi'g t he
i nt e§medi at

10

15

20

25

invention is directed to a process for the preparation of a

i vative in which oxazinone (2) is reacted with a netal al koxi de

bi-, tri- or tetracyclic taxane nucleus to forma B-am do ester
e. The internediate is 24

R’ together with the nitrogen atom of NROR7

form the following rings
l l |- I
:N: [NJ [Nj N:' Nj
(n) l:; [:N
]
CH,

R8 = lower alkyl containing 1 or 2 carbons, benzyl
Xle = halide
base = NH3y, (HOC,H4)3N, N(CH3)3, CHaN(C,H4OH),,
NH;(CH,) gNH,, N-methylglucamine, NaOH, KOH.
The preparation of compounds in which Rg or T; is ~COGCORL
is set forth in Hangwitz U.S. Patent 4,942,184 whieh—is
incorporated-herein—by-—reference.

The following examples illustrate the invention.

EXAMPLE 1

Preparation of Taxol

To a solution of 7-triethylsilyl baccatin III
(100 my, 0.143 mmol) in 1 mL of THF at -45°C was added
dropwise 0.087 mL of a 1.63M solution of nBulLi in hexane.
After 1 h at -45°C, a solution of 92 mg (0.286 mmol) of
(-)-cis-2,4-diphenyl-5-(l-ethoxyethoxy)-4,5-dihydro~-1, 3~
oxazin-6-one in 1 mL of THF was added dropwise to the
mixture. The solution was warmed to 0°C and kept at that
temperature for 2 h before 1 mL of a 10% solution of AcOH
in THF was  added. The mixture was partitioned between
saturated agueous NaHCO; and 60/40 ethyl acetate/hexane.
Evaporation of the organic layer gave.a residue which was
purified by flash chromatography followed by
recrystallization to give 120 mg (80%) of (2'R,3'S)-2'-
ethoxyethyl-7-triethylsilyl taxol.
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F'converted t i i i
oo o the taxane derivative. xazinone (2) has the general
erably, the netal al koxide has the tric [

: clic taxane nucl
esponding to the general fornmula: y =

[err] wherein Rerr]-Rerr] are as previously defined.

25

A 5 mg sample of (2'R,3'S)-Z'-ethoxyethyl—?—tri—
ethylsilyl taxol was dissolved in 2 mL of ethanol and 0.5
mL of 0.5% agueous HCI solution was added. The mixture was
stirred at 0°C for 30 h and diluted with 50 mL of ethyl
acetate.. The solution was extracted with "20 mL of
saturated agqueous sodium bicarbonate solution, dried over
sodium sulfate and concentrated. The residue was purified
by flash chromatography to provide 4.5 mg (ca. 90%) of
taxol, which was identical with an authentic sample in all

respects.

EXAMPLE 2
Preparation of N- debenzoyl-N-
tertbutoxycarbonyl-10-deacetyl Taxol (Taxotere)
2-tertbutoxy—4—phenyl—5-(1 —ethoxyethoxy)-4,5-di-

hydro-1,3-oxazin-6-one. To a solution of 409 mg (l.16
mmol) of N-tertbutoxycarbonyl-O- (1-ethoxyethyl)-3- phenyl-
jsoserine (3) in 20 mL of THF was added 261 mg. (2.33 mmol)
of solid potassium tert-butoxide and the mixture ‘was
stirred at 25°C for 30 min. A solution of 134 mg (1.16
mmol) of methanesulfonyl chloride in 3.2 mbL of THF was
added and the mixture was stirred at 25°C for 1.5 h. The
mixture was diluted with 80 mL of hexane and ethyl acetate
and this solution was extracted with 20 mL of - saturated
agqueous. sodium bicarbonate solution and 10 mL of brine.
The organic phase was dried over sodium sulfate and
concentratgd to give 235 mg (70%) of 2- tertbutoxy-4- -phenyl-

—(1—ethoxyethoxy)—4,S-dihy@ro—l,3—oxazin-6-one . as a
colorless oil.

: N-debenzoyl-N- tertbotoxycarbonyl-10- deacetyl-Taxol
(Taxotere). To a solution of 7,10- ~-bis-triethylsilyl
baccatin III (100 mg, 0.124 mmol)) in 1 mL of THF at -45°C
was added dropwise 0.087'of-a 1.63M solution of nBuLi in

—_—
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S| wherein Mis a netal, and Rerr]-Rerr] are as previously
wmcd. Most preferably, the netal al koxide has the tetracyclic taxane

us corresponding to netal al koxide (3) wherein R err] and R err]

g her forman oxetane ring. Qther objects and features of this invention
f¥be in part apparent and in part pointed out hereinafter. The present
invegtion is directed to a process 26

hexane. After 1 h at -45°C, a solution of 88 mg (0.286
mmol) of (-)-cis-2-tertbutoxy-4-phenyl-5-(l-ethoxyethoxy)-
4,5-dihydro-1,3-o0oxazin-6-one in 1 mL of THF was added
dropwise to the mixture. The solution was warmed to 0°C

5 and kept at that temperature for 2 h before 1 mL of a 10%

solution of AcOH in THF was added. The mixture was
a partitioned between saturated aqueous NaHCO3; and 60/40
ethyl acetate/hexane. Evaporation of the organic layer

gave a residue which was purified by flash chromatography

10 followed by recrystallization to give 120 mg (80%) of
(2'R,3'S)-N-debenzoyl-N-tertbutoxycarbonyl-2'-ethoxyethyl-7,
10-bis-treithylsilyl taxol.

A 5 mg sample of (2'R,3'S)-N-debenzoyl-N-tert-

butoxycarbonyl-2'-ethoxyethyl-7,10-bis-triethylsilyl taxol

15 was dissolved in 2 mL of ethanol and 0.5 mL of 0.5% agqueous
HCl solution was added. The mixture was stirred at 0°C for
30 h and diluted with 50 mL of ethyl acetate. The solution
was extracted with 20 mL of saturated aqueous sodium
bicarbonate solution, dried over sodium sulfate and

20 concentrated. The residue was purified by column
chromatography on silica gel eluted with ethyl/hexane to
provide 3.8 mg (ca. 90%) of N-debenzoyl-N-tertbutoxy-
carbonyl-1l0-deacetyl Taxol (Taxotere). All analytical and
spectral data were identical with that reported for

25 taxotere in U.S. Patent 4,814,470.

In view of the above, it will be seen that the e

several objects of the invention are achieved.

30
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®eparing taxol, taxotere and other taxane derivatives which are

azinone (2), the structure of which is depi

caLHp4w%+ve—u$ﬁanm
bMOW Rlerr], Rerr], Rerr], Rerr] and R err] ar
‘ﬂ*ﬂl i}jﬁ})rdance with the present invention, R err] of
y aryl, p-substituted phenyl, or |ower alkoxy,

-st preferably phenyl, nethoxy, o6t hoxy, tert-butoxy ("tBuCO';

1. A process for the preparation of a taxane
derivative characterized in that a metal oxide substituted
taxane having a bi-, tri or tetracylic nucleus is reacted

with an oxazinone wherein the oxazinone has the formula

O

N Ry

Ry Ry

and

Rl is -ORG;

Ry is hydrogen, alkyl, alkenyl, alkynyl, aryl,
heteroaryl;

R3 and Ry are independently hydrogen, alkyl,
alkenyl, alkynyl, aryl, heteroaryl, or acyl, provided,
however, that Ry and Ry are not both acyl;

Rg is alkyl, alkenyl, alkynyl, aryl, alkoxy,
aryloxy or heteroaryloxy; and

Rg is hydrogen, alkyl, alkenyl, alkynyl, aryl,
heteroaryl, or hydroxy protecting group.

2. A process according to claim 1, wherein R, and

Ry are hydrogen or lower alkyl and R3 is aryl.

3. A process according to claim 1 or claim 2,
wherein the metal alkoxide has a tetracylic taxane nucleus

4. A process according to any .one of claims 1 to

wherein the metal alkoxide is derived from an alcohol having

the formula:
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B r] wherein X1is F, CHerr]0O-, or NOetr]-. Preferably R2 and
Rrelgl are rm al kyI Rlerr] is preferably aryl, npst
preidrabl y, Mm}lﬂl 'I [errl |

(6)

-wherein Ty us a hydroxy protecting group, Z is -0T;, and T,
is acetyl or hydroxy protecting group.

5. A process according to any one of claims 1 to 4,
wherein the metal alkoxide is a metal alkoxide of 7-

protected baccatin III.

6. A process according to claim 5, wherein the
metal alkoxide is a metal alkoxide of 7-O-triethylsilyl
baccatin IIT or a metal alkoxide at 7,10—bis-0-triethylsiiyl
baccatin IIT or a metal alkoxide of 7-O-triethylsilyl-10-
deacetyl baccatin III or a metal alkoxide of 7-0-
triethylsilyl-10~(1l-ethoxyethyl) baccatin III.

7. - A process according to claim 1 or claim 2,

wherein the metal alkoxide has the formula:

R

wherein:
Rys and Ryg are independently hydrogen, hydroxy,
lower alkanoyloxy, alkenoyloxy, alkynoyloxy, aryloyloxy or

; Rig and Ri¢ together form an oxo;
i R;7 and Rjg are independently hydrogen or lower
—_
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in X |smmmlmm ﬂ! ined, Meis methyl and Ph is phenyl.
ably u mhereln Rlerr] is |-ethoxyethyl ("EE")
xynmet hyl ;| of 242 ®-ts5 |

r alone or with the various substituents defined herei nabove are

prably | ower al kyl containing fromone to six carbon atons in the

and include nethyl, ethyl, propyl, isopropyl, butyl, isobutyl,
utyl, aryl,
alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy or Ryy

and Ryg together form an oxo;

| Rig and R, are independently hydrogen or
hydroxy or lower alkanoyloxy, alkenoyloxy, alkynoyloxy, or
aryloyloxy;

Ryj and Ry, are independently hydrogen or lower
alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy or Rpj
and Ry, together form an oxo;

Ryy is hydrogen or hydroxy or lower alkanoyloxy,
alkenoyloxy, alkynoyloxy, or aryloyloxy; or

Ry3 and Ry, together form an oxo or methylene or

Ry3 and Ry, together form an oxirane ring or

Ry3 and Ry, together form an oxetane ring;

Ros is hydrogen, hydroxy, or lower alkanoyloxy,
alkenoyloxy, alkynoyloxy, or aryloyloxy or :

Ryg is hydrogen, hydroxy, or lower alkanoyloxy,
alkenoyloxy, alkynoyloxy, or aryloyloxy; or Rpg and Ryg
taken together form an oxo; and

Ry is hydrogen, hydroxy or lower alkoxy,
alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy.

8. A process according to claim 7, wherein Rjg is
hydrogen, Rjg is -0T, ox -OCOCH3, T; is a hydroxy
protecting group and M is selected from the group comprising

Li, Mg, Na, K and Ti.

9. A process according to any one of claims 1 to 8,
wherein the metal oxide substituent is selected from the
group comnsisting of LiO-, MgO-, NaO-, KO-, and TiO-.

| or oet hoxymet hyl . The oxazi none al kyl groups,

pal chain and up to 15 carbd&? dt ons. They may be straight or branched

—_—
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and the |ike. The oxazi none al kenyl groups, either alone or with

i ous substituents defined hereinabove are preferably | ower al kenyl

ing fromtwo to six carbon atons in the principal chain and up to 15—
atons. They may be straight or branched chain and include ethenyl,

- 30 -

SEMI-SYNTHESIS OF TAXANE DERIVATIVES
USING METAL ALKOXIDES AND OXAZINONES

ABSTRACT OF THE DISCILOSURE

A process for preparing taxane derivatives such
as taxol by providing a metal alkoxide having the bi, tri-,
or tetracylic taxane nucleus, reacting the metal alkoxide

with an oxazinone to form an intermediate, and converting

the intermediate to the taxane deriwvative.

I
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propenyl o sopropenyl bUtehyI ,ﬂi;'s:obut':e'hyln' aryl, hexenyl ' and the J,,j,)@,_.,w
The oxazi none al kynyl. ‘'groups, either alone or wth the various substltuents__5;

défined hereinabove are preferably | ower. alkynyl cont ai ni.ng- fron1tmo to six
carbon atons in the principal chain and up to 15 carbon atons. They may be
strai ght or branched chain and include" ethynyl propynyl but ynyl ;"
'|sobutynyl. aryl, hexynyl and the Ilke Th@ oxazi none aryl npyetles

descri bed, elther L . o

h:agtxon of the sodlum salt of t°rt butyl N- chloroca'bamat°

cn a uroduct of general formula

" R'g. . o QCO0CHCI,

vy
C0-Q-- -
7
: o
. : . : H '
. ' o .CsHs - ~ OCOCgH.:

0COCH,

in which R' denotes an acetyl or 2,2,2-trichloroethoxy-
carbonyl radical, followed by_ the replacement of the
2,2,2-trichloroethoxycarbonyl group -s&e—gseups by hydrogen.
-1t is reported by Denis et al. in U.S. Patent No.
'4[924.011, however, that this process leads to a mixture of
isomers which has to be separated and, as a result, not all
the baccatin_III or l0-deactylbaccatin III employed for the
preparation of the product of general formula (IV) can be
converted to a product of general formula (III). '
\/' In an effort to improve upon the Colin et al.
process, Denis et al. disclose a different process for
preparing derivatives of baccatin III or oi 10-deactyl-

baccatin III of yeneral formula

! i
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THIS SHEET HAS BEEN | L l 17 S0l 196 |
REPLACED ! T
P '?
i v i
e

eet Has Been Re ilaoed

TG



UMa3-7 s

agoﬁe or with varioué-substituents, cont ai n from#&-t-e-+b-—-carbon-at-ons..and
i*hcl ude” phenyrErioaoephitayETor B-paphthyl, etc. SLb%;*fﬁéﬁFEMW SHEETS _ 5G

al kanoxy :jpt)ggc%{,@,d g%gggm S Q088 [ kyI arylj, % ?k%ffﬁma%@,»d SR DX

nitro, a @}ax.@qj do, ,glég ________ od et he nore prefleft eéfl%’%rsy : pagedoeth paged . .
above, 'e{ﬁz“ %x ngne (%i¥ S with R6 b6|ﬁ HW%yi ¥apyt to;wbui .....
| - et hoxy Lo s “é W hl"(i'r"()“t et hoxynet ry ovtragt herpégedmxw paged .o,
protectlh group such *as“ééef§F% ahdt ethgrs |.e., met hoxymet hyl
("NOM), LESEE T ERCEIPT e Ihi;ﬁmf"T'”“KjELT?,Jﬁ&mﬁ! ________

SEMI-SYNTHES1S OF TAXANE DERIVATIVES
USING METAL ALRKOXIDES AND OXAZINONES

BACKGROUND OF THE INVENTION

The present: invention is directed to a

semi- synthe51s for the preparation of taxane derivatives -
such as taxol taxotere and other biologically active
.derivatives involving the use of metal alkoxides and
oxazinones. _ '
The taxane family of terpenes, of which taxol is
a member, has attracted considerable interest in both the
biological and chemical arts. Taxol is a promising cancer
chemotherapeutic agent with a broad spectfum of '
antileukemic and tumor-inhibiting activity. Taxol has the

following structure:

‘e OAc
CGHSCONH ﬁ 1\2 11 19 OH
/ N omml/s 13 €
CGHS g 14

. F a*’\‘r{

OH £EH §
.. E OAc),—O

CgHsCOO

wherein Ac is acetyl. Because of this promising activity,
taxol ‘is ‘currently undergoing clinical trials in both
France and the United States.

The .supply of taxol for these clinical trials is
presently being provided b& the bark from Taxus brevifollia
(Western Yew). However, taxol is found only in minute
quantities in the bark of bhesew
causing considerable concernwthat ‘the 11m1ted supply of

'ibw growing evergreens,

/—// .
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benzyl oxynejiH. 4 uch as acetates; carbonates, such as nethyl
car bonat es. | AarFety=—et cting groups for the hydroxyl group and the
synt hesi s t fdund in "Protective Goups in Organic Synthesis"
by T. W Gge nd Sons, 1981. The hydroxyl protecting group
sel ected shpu | ved under conditions that are sufficiently
mld, e.g.,Jin 48%HF, acetorfitrile, pyridine, or 0.5% HC/water/ethanol,
and/ or zi nci #s not to disturp the ester |inkage or other

taxol will not meet the demand. Consequently, chemists in
recent years have expended their energies in trying to £ind
a viable synthetic route for the preparation of taxol. So
far, the results have not been entirely satisfactory.

One synthetic route that has been proposed is
directed to the synthesis of the tetracyclic taxane nucleus
from commodity chemicals. A synthesis of the taxol
congener taxusin has been reported by Holton, et al._in
JACS 110, 6558 (1988). Despite the progress made in this
approach, the final total synthesis of taxol is,
nevertheless, likely to be .a multi-step, tedious, and
costly process.

A semi-synthetic approach to the preparation of
taxol has been described by Greene, et al. in JACS 110,

5917 (1988), and involves the use of a congener of taxol,
10-deacetyl baccatin III which has the structure of formula

II shown below:

¢

'
10- deacetyl baccatln III is more readlly available than
taxol since it~ can be obtalned from the needles of Taxus

haccata. Accordlng to: the method of Greene et al.
'10-deacetyl baccatin. III is ‘converted to taxol by

attachment of the c-io acetyl'group and by attachment of
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SHPRTedi ate. However, Rlerr] is 12 preferably
‘{oroethoxynethyl and nost preferably
ngng (2) has sever al asymetric carbons, it

t Re art:that t he

substituents
= et hoxyet hyl
1- et hoxyet hyl}.
is known to thc

the C-13 B-amido ester side chain through the
esterification of the C-13 alcohol with a B-amido
carboxylic acid unit. Although this approach requires
relatively few steps, the synthesis of the B-amido
carboxylic acid unit is a multi-step process which proceeds
in low yield, and the coupling reaction is tedious and also
proceeds in low yiéld. However, this coupling reaction is
a key step which is required in every contemplated
synthesis of taxol or biologically active derivative of
taxol, since it has been shown by Wani, et al. in JACS 93,
2325 (1971) that the presence of the B-amido ester side
chain at C13 is required for anti-tumor activity.

More recently, it has been reported in Colin et
al. U.S. Patent No. 4,814,470 that taxol derivatives of the
formula III below, have an activity significantly greater

than that of taxol (I).

(III)

R' represents hydrogen or acetyl and one of R" and R"'
represents hydroxy and the other represents tert-butoxy-
carbonylamino and their stereoisomeric forms, and mixtures
thereof. ' ' '
According to Colin et al., U.S. Patent 4,418,470,
the products of general formula (IX1X) are obtained by the
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@l on having asymmetric carbon atons may exi st
pptically active forns. Al of these forns
ope of this invention. Mor e

eption includes enantioners, diastereoners,
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conpounds of ghe
i*n di ast er eomph LI CREN fo
are contenpl ajed” W thin the

specifically, | §hel9r@G8EM96

racem c m xtufeg, and ot her ures thereof. Oxazinone (2) can be prepared
fromreadily qvé b according to the follow ng reaction

schene: i - 5

a2
COo—0 ’

CH—OH

H

OH !
0COC, Hs

CgHg——CH—NHCOOC(CH;)3; OCOCH,

in which R' denotes hydrogen or acetyl'wherein an acid of

general formula:

0—R,

(VI)

(CH,) 3COCONH COOH
CoHs

in which R; is a hydroxy-protecting group, is condensed
with a taxane derivative of general formula: '

R,0 o OF;

(VII)

H |
OCOCH,
OCOCHy

in which R, is an acetyl hydroxy-protecting group and Ry is
a hydroxy—protecting group, and the protecting groups Rj,

This Sheet Has Been Re ﬂ
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[err] Carbo;,w,“..‘“ - ternatively be prepared according to the
met hod desciiRirggy Peoyiedet! al ., JACS 110, 5917 (1988). B-lractans 4 can
be prepared fron1read| y avii]l able materials, as illustrated in the

fol | owi ng raa,tﬂbﬁCEﬂhwﬂé iln mhich R3 and R5 are phenyl, Rerr] and R err]
are hydrogeh, and R2 - erein R6 is is ethoxyethyl: )

R, and, where appropriate, R, are then replaced by hydrogen.
However, this method employs relatively harsh conditions,
proceeds with poor conversion, and provides less than
optimal yields.

EP-A-0428376 discloses a method for preparing a
taxol intermediate by reacting an alcohol with an oxazinone, -

the oxazinone having the general formula:

in which R, is aryl, heteroaryl, alkyl, alkenyl, alkynyl or
OR, wherein R, is alkyl, alkenyl, alkynyl, aryl or
heteoaryl; R, and R; are independently selected from
hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroaryl, and ORj
wherein Ry is alkyl, alkenyl, alkynyl, aryl, heteioaryl or
hydroxyl protecting group; and R, and R, are independentl
selected from hydrogen, alkyl, alkeny1, alknynl, aryl and
heteroaryl. This method produces yields of taxol
intermediate product in the region of 77%. It requires a
rather long reaction time and also the presence of an
activating agent to activate the oxazinone.

In "Chemistry of Heterocyclic Compounds", 11 (1987)
at page 1157 the chemical properties of inter alia
1,3-oxazin-6-ones are discussed. According to this
document, the presence of acids and alkalis promotes ring
cleavage of such compounds. Ring cleavage reactions of this
kind are also mentioned in Gazz. Chim. Ital. 116(7) 361
(1986) at page 370. It is said that 1,3-oxazin-6-ones are
easily converted into derivatives by ring opening with

nucleophiles.
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13 [err]

equi v cer’rz‘

O[err]C,

triethylanine, CHerr]C[err],. 25[err]C, 18h; (b) 4
, CH3CN, -10[err]C, 10 mn; (c) KOH THF, H20,

vinyl ether, THF, toluene sulfonlic acid

(cat.), Ofe ‘ﬁ%ﬂ&ﬂ%ﬂ§ (a CH3Li, ether, -78[err]C, 10 m n; benzoyl
6h. fhe starting materials are readily avail abl e.

chl ori de,

- 6a -

A major difficulty remaining in the synthesis of
taxol and other potential anti-tumor agents is the lack of a
readily available method for easy attachment, to the C-13
oxygen, of the chemical unit which provides the #-amido
ester side chain. Development of such a process for its
attachment in high yield would facilitate the synthesis of
taxol as well as related anti-tumor agents having a
modified set of nuclear substituents or a modified C-13 side
chain. This need has been fulfilled by the discovery of a
new, efficient process for attachment, to the C-13 oxygen,
of the chemical unit which provides the B-amido ester side

chain.

SUMMARY OF THE INVENTION
Among the objects of the present invention,

therefore, is the provision of a side chain precursor for
the synthesis of taxane derivatives, and the provision of a
process for the attachment of the side chain precursor in '
relatively high yield to provide an intermediate which is
readily converted to the desired taxane derivative.

. In accordance with the present invention, a process
is provided for preparing taxol, taxotere and other
biologically active taxane derivatives having the following

structural formula:

—_—

i



- is prepared fromglycolic acid, and, in the

) ne, it cyclocondenses with imnes prepared from
Fanigl i ne to give

ofy- 4-aryl azeti di n-2-ones. The p-net hoxyphenyl
pyded through oxidation with ceric ammoniumnitrate,

c-Acyl o
presenc
al dehyd
| - p- et
group c
and t he lag
to thos experlenced in t e.art to provide 3-hydroxy-4- arylazetldln 2- ones.

H Ry R

)]\N)!'( 7’\ ‘U \omnu?::\ -
N\is f .

wherein

Ry is -ORg; .

Ry is hydrogen, alkyl, alkenyl, alkynyl, aryl, or
heteroaryl;

R3 gnd Ry are independently hydrogen, alkyl,
alkenyl, alkynyl, aryl, heteroaryl, or acyl, provided,
however, that R3 and R, are not both acyl;

Rg is alkyl, alkenyl, alkynyl, aryl, alkoxy.
aryloxy or heteroaryloxy;

Rg is hydrogen, alkyl, alkenyl, élkynyl, aryl,
heteroaryl, or hydroxy protecting group,

Rys and R;g are independently hydrogen, hydroxy,
lower alkanoyloxy, alkenoyloxy, alkynoyloxy, aryloyloxy or
Rj5 and Rjg together form an 0xo;

Ry7 and Rjg are independently hydrogen or lower
alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy or Ry9
and R;g together form an oxo; '

Rjyg and Ry are independently hydrogen or hydroxy
or lower alkanoyloxy, alkenoyloxy, alkynoyloxy, ot

aryloyloxy:

N



The '3- hyd{3% ?hfa“ }?3 Flprotected with a variety of standard protecting

groups su ?. :‘ ry'thyr group. Preferably, the racem c 3-hydroxy-
14 4-aryl b fesolved into the pure enantioners prior to
protectio i §afli on of the

R,y and Ry, are independently hydrogen or lower
alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy or Ry
and Ry, together form an oxo;

Ry4 is hydrogen or hydroxy or lower alkanoyloxy,
alkenoyloxy, alkynoyloxy, or aryloyloxy, or

Ro3 and Ry, together form an oxo or methylene or

R,3 and qu'together form an oxirane ring or

R,3 and Ry, together form an oxetane ring;

Rog is hydrogen, hydroxy, or lower alkanoyloxy.
alkenoyloxy, alkynoyloxy, or aryloyloxy or

R,g is hydroéen, hydroxy, or lower alkanoyloxy,
alkenoyloxy, alkynoyloxy, or aryloyloxy; or R,g and Ryg
taken together form an oxo; and

. R, is hydrogen, hydroxy or lower alkoxy,
alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy.

Briefly, therefore, the present invention is
directed to a process for the preparation of a taxane
derivative in which oxazinone (2) is reacted with a metal
alkoxide having the bi-, tri- or tetracyclic taxane nucleus
to form a B-amido ester intermediate. The intermediate is
then converted to the taxane derivative. Oxazinone (2) has

Lthe general formula:

N ()

N R,

R
Ry, Ry 2

wherein Ry - Rg are as previously defined. Preferably, the
metal alkoxide has the tricyclic taxane nucleus

corresponding to the general formula:
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tetracyckE=s

R Vi 7”T=waﬁgﬁﬁhétrlfluoronethyl) phenylacetfc esters and only
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ne 3é@nt3%a§§§ ot hoxy) - 4- phenyl azet i di n-2-one can be converted to
F ntiw th a base, preferably n-butyllithium and an

-

the process of the}present invention have the b
Eeus. As used heregn, a netal

-, tri- or

wherein M is a metal, and Rj;g-Ry; are as previously
defined. Most preferably, the metal alkoxide has the
tetracyclic taxane nucleus correSponding to metal alkoxide
(3) wherein Ry, and R,5 together form an oxetane ring.

Other objects and features of this invention will
be in part apparent and in part bointed out hereinafter.
DETAILED DESCRIPTION

The present invention is directed to a process
for preparing taxol, taxotere and other taxane derivatives
which are Dbiologically active using oxazinone (2), the
structure of which is depicted hereinbelow:

Rs
\Tro T C2)

N Ry

Ry Rgnz

wherein Ry, Ry, Ry, R4 and Rg are as previously defined.

In accordance with the present invention, Rg of
oxazinone (2) is preferably aryl, p-substituted phenyl, or
lower alkoxy, and most pfeferably phenyl, methoxy, ethoxy,
tert-butoxy ("tBuO"; (CH3)3CO-), or

N
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al koxi de h§
cont ai nj ng

T"'-t‘,_:.‘m:_,taxane nucl eus corresponds to a conpound
of petal alkoxide (3): [err] wherein M and

Rlerr]-Refr} ;u Iy defined. A netal alkoxide having the

tricyclic.

and C of

nucl eus co responds to a co

ound containing rings A B and
10

0~

wherein X is Cl, Br, F, CH30-, or NO,-. Preferably R, and
Ry are hydrogen or lower alkyl. Rg is preferably aryl,
most preferably, naphthyl, phenyl,

G- -

wherein X is as previously defined, Me is methyl and Ph is
phenyl. Preferably, R; is -ORg wherein Rg is l-ethoxyethyl
(“EE") methoxymethyl, or 2,2,2-trichloroethoxymethyl.

The oxazinone alkyl groups, either alone or with
the various substituents defined hereinabove are preferably
lower alkyl containing from one to six carbon atoms in the
principal chain and up to 15 carbon atoms. They may be
straight or branched chain and include methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, tert-butyl, aryl,
hexyl, and the like.

Tl

[ A metal al koxi de having the tetracyclic taxane



o= 1 0> & ”E%nd in which Rlerr] and R err] together form an
pxet ane. rlng. Preferably JtHe metal al koxide used in the process of the
pr esent |nventL5hQQT1ﬁ*eﬂ gl koxide (3). Most preferably, Rerr] is
-Offerr] or L OCOCH3; R16 i}s |hydrogen; Rerr] and Rlerr] together form an
oxo; R[erri] ??z?fﬁfﬁ?f?ngF{

. err] and R err]

11

The oxazinone alkenyl groups, either alone or
with the various substihueuts defined hereinabove are
preferably luwer alkenyl containing from two to six carbon
atoms in the principal chain and up to 15 carbon atoms.
They may be straight or branched chain and include ethenyl,
propenyl, isopropenyl, butenyl, isobutenyl, aryl, hexenyl,
and the like.

The oxazinone alkynyl groups, either alone or
with the various substituents defined hereinabove are
preferably lower alkynyl containing from two to six carbon
atoms in the principal chain and up to 15 carbon atoms.
They may be straight or branched chain and include ethynyl,
propynyl, butynyl, isobutynyl, aryl, hexynyl, and the like.

The oxazinone aryl moieties described, either
alone or with various substituents, contain from 6 to 15
carbon atoms and include phenyl, «a-maphthyl or B-naphthyl,
etc. Substituents include alkanoxy, protected hydroxy,
halogen, alkyl, aryl, alkenyl, acyl, acyloxy. nitro,-amino.
amido, etc. Phenyl is the more preferred aryl.

As noted above, R; of oxazinone (2) is -ORg with
Rg being alkyl, acyl, l-ethoxyethyl ("EE"), 2,2,2-trichloro-
ethoxymethyl, or other hydroxyl protecting group such as
acetals and ethers, i.e., methoxymethyl (“MOM"),
benzyloxymethyl; and esters, such as acetates; carbonates,
such as methyl carbonates. A variety of protecting groups
for the hydroxyl group and the synthesis thereof may be
found in "Protective Groups in Organic Synthesis" by T. W.
Greene, John Wiley and Sons, 198l. The hydroxyl protecting
group selected should be easily removed under conditions
that are sufficiently mild, e.g., in 48% HF, acetonitrile,
pyridine, or 0.5% HCl/water/ethanol, and/or zinc, acetic
acid so as. not to disturb the ester linkage or other
substituents of the taxoi intermediate. However, Rg is

_*______;__________
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f; r] together forman oxetane ring; Rerr] is
}; R26 is hydrogen; R27 is hydroxy; and T[err]

and T[err] 4l y) hydrogen or hydroxy protecting group. The
metal al koxi-de _ aratectlng groups nmay be the same as those
preV|oust |dent|f|ed - 'ﬁerr] of the oxazinone, and preferably are
trial kyl orstrasyl—sil, dnd nost preferably, triethyl silyl ("TES").

Metal substituent, M of netal alkoxide (3)13s a

preferably l-ethoxyelhyl or 2,2,2-trichloroethoxymethyl,
and most preferably l-ethoxyethyl.

Since oxazinone (2) has several asymmetric
carbons, it is known to Lhose skilled in the art that the
compounds of the present invention having asymmetric carbon
atoms may exist in diastereomeric, racemic, or optically
active forms. All of these forms are contemplated within
the scope o¢of this invention. More specifically, the
present invention includes enaﬂtiomers, diastereomers,
racemic mixtures, and other mixtures thereof.

Oxazinone (2) can be prepared from readily
available materials according to the following reaction

scheme:

N~
4 ) 5 2

Carboxylic acid 5 may alternatively be prepared according:
to the method described in Greene et al., JACS 11Q, 5917
(1988). B-lactams 4 can be prepared from readily available
materials, as illustrated in the following reaction scheme
in which Ry and Rs‘are phenyl, R, and R, are hydrogen, and
Ry -OR¢ wherein Rg is is ethoxyethyl:

i —
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C?odp hani de or actinide elenent or a transition, G oup

I 1A # |. Preferably, it is a Goup IA IIlA or
transi b%h, st preferably, it is lithium mgnesium sodium
dﬂ? dﬁv he netal al koxi de al kyl groups, either alone or

pot ass 2T1
w th the{various substlfuents defined herei nabove are preferably | ower
al kyl cdﬁtarﬁﬁﬁg“ﬁronro e to six carbon atons in the principal chain and up

to 10 jeerben—atons 13

——

reagents: (a) triethylamine, CH,Cl,, 25°C, 18h; (b) 4 equiv_
ceric ammonium nitrate, CH3CN, -10 °C, 10 min; (c) KOH,

THF, H20, O °C, 30 min; (d) ethyl vinyl ether, THF, toluene

sulfonic acid (cat.), O °C, 1.5h; (e) CH3Li, ether, -78 °C,

10 min; benzoyl chloride, ~78 °C, 1lh.

The starting materials are readily available.
a-Acyloxy acetyl chloride is prepared from glycolic acid,
and, in the presence of a tertiary amine, it cyclocondenses
with imines prepared from aldehydes.and p-methoxyaniline to
give l-p-methoxyphenyl-3-acyloxy-4~arylazetidin-2-ones.

The p-methoxyphenyl group can be readily removed
through ox1dat10n with ceric ammonium nitrate, and the
acyloxy group can be hydrolyzed under standard conditions
familiar to those experienced in the art to provide
3-hydroxy-4-arylazetidin-2-ones. '

The 3-hydroxyl group may be protected with a
variety of standard protecting groups such as the
l-ethoxyethyl group. Preferably, the racemic 3-hydroxy-

i




qr anched chain and include nethyl, ethyl, propyl,
gtyl, tert-butyl, aryl, hexyl, and the like. The
joups, either alone or with the various

gl nabove are preferably | ower al kenyl containing
ons in the principal chain and up to 10 carbon

ht or branched chain and include ethenyl,

it enyl , isobutenyliqaryl, hexenyl ,

4-arylazetidin-2-one is resolved into the pure enantiomers
prior to protection Dby recrystallization of the
corresponding 2—methoxy-2—jtrifluoromethyl) phenylacetic
esters and only the dextrorotatory enantiomer is used in
the preparation of taxol. In any event, the 3—(l?ethoxy-
ethoxy)-4-phenylazetidin-2-one can be converted to B-lactam
4, by treatment with a base, preferably n-butyllithium, and
an aroyl chloride at -78 °C or below.

As noted above, the metal alkoxides used in the
process of the present invention have the bi-, tri- or
tetracyclic taxane nucleus. As used herein, 2 metal
alkoxide having the bicyclic taxane nucleus corresponds to
a compound containing rings A and B of metal alkoxide (3):

MOmmaa A 18

\1 L 1 B c 7
> 4 s
Ra1

wherein M and Ryg~R,7 are as previously defined.” A metal
alkoxidg having the tricyclic taxane nucleus corresponds to
_a’compohnd'containing rings A, B and C of metal alkoxide
(3). A metal alkoxide having the tetracyclic taxane
nucleus corresponds to a compound containing rings A, B and

\ .

This §

i



cont ai
car bon

3 Qetal al koxi de alkynyl groups, either alone or with
defi ned herei nabove are preferably | ower al kynyl
X carbon atons in the principal chain and up to 10

15

C of metal alkoxide (3) and in which R, and Ro3 together

form an oxetane ring.
' Preferably, the metal alkoxide used in the

| process of the present invention is metal alkoxide (3).

Most preferably, R;g is -OT, or -OCOCH3; Rjg is hydrogen;
Ry7 and Ryg together form an o0x0; R;g is -0Ty: Rjyqp 3and Rgy
are hydrogen; Ry, and Rjj together form an oxetane ring;
Ro4 is CH3CO00-; Ryg is PhCOO-; Rjg is hydrogen; R,y is
hydroxy; and T; and T, are independently hydrogen or
hydroxy protecting group. The metal alkoxide hydroxy
protecting groups may be the same as those previously
identified for Ry of the oxazinone, and preferably are
trialkyl or triaryl silyl, and most preferably, trieEhyl
silyl (“*TES").

Metal substituent, M, of metal alkoxide (3) is a
Group IA, ‘IIA, IIIA, lanthanide or -actinide element or a
transition, Group IIXIA, IVA, VA or VIA metal. Preferably,
it is 8 Group IA, Il1A or transition metal, and most
preferably, it is lithium, magnesium, sodium, potassium or
titantium. '

The metal alkoxide alkyl groups, either alone or
with the various substituents defined hereinabove are
preferably lower alkyl containing from one td six carbon
atoms in the principal chain and up to 10 carbon atoms.
They may be straight or branched chain and include methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl,
éryl, hexyl, and the like.

The metal alkoxide alkenyl groups, either alone
or with the various substiluents defined hereinabove are
preferably lower alkenyl containing from two to six carbon
atoms in the principal chain and up to 10 carbon atoms.
They may be straight or branched chain and include ethenyl,
propenyl, isopropenyl, butenyl, isobutenyl, aryl, hexenyl,

o i



they iR B

ranched chain and include ethynyl, propynyl,

but ynyj |S6BU?VHV] 2 J , hexynyl, and the |ike. Exenplary al kanoyl oxy

i ncl udg %wmplin te, butyrate val arate, isobutyrate and the Iike.
The & preferred alaafoyloxy is acetate. The netal al koxi de aryl

noi et i est—erther- @ gr with various substituents contain from6 to 10

carbo and include phenyl, a-naphthyl or B-naphthyl, etc.
Substi tuents THAclrudée al kanoxy, hydroxy, hahggen, al kyl ,

The metal alkoxide alkynyl groups, either alone
or with the various substituents defined hereinabove are
preferably lower alkynyl cqntaining-from two to six carbon
atoms in the principal chain and up to 10 carbon atoms.
They may be straight or branched chain and include ethynyl,
propynyl, butynyl, isobutynyl, aryl, hexynyl, and the like.

| Exemplary alkanoyloxy include acetate, propionate,
butyrate, valarate, isobutyrate and the like. . The more
preferred alkanoyloxy is acetate.

The metal alkoxide aryl moieties, either alone or

wilh various substituents contain from 6 to 10 carbon atoms
and include phenyl, a-naphthyl or B8-naphthyl, - etc.
Substituents include alkanoxy, hydroxy, halogen, alkyl,
aryl, alkenyl, acyl, acyloxy, nitro, amino, amido, etc.
Phenyl is the more preferred aryl.
_ Metal alkoxides (3) are prepared by reacting an
alcohol having two to four rings of the taxane nucleus and
a C-13 hydroxyl group with an organometallic compound in a
suitable solvent. Preferably, the alcohol is derivative of
'baccatin I1I or 1l0-deacetyl baccatin III having the

structure

(6)

wherein T; is a hydrdxy protecting group, and 2 1is -0T,
wherein T, is acyl, preferably acetyl, or hydroxy

protecting group. Most preferably, the alcohol is a
_—
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aAY ; S ngf' oxy, nitro, amino, ami do, etc. Phenyl is the nore

aryl, af |

preferred fé gﬁaﬁak gl Koxi des (3) are prepared by reacting an al cohol
havi ng g wo & p ngs {of the taxane nucleus and a C 13 hydroxyl group
with an dregananetal | ic Jcqnmpound in a suitable solvent. Preferably, the

al coholj i s derivative of fbaccatin Ill or 10-deacetyl baccatin Ill having
the StrLlllllr.—E'\vr] 17

protected baccatin III, in particular, 7-O-triethylsilyl
baccétin III (which can be obtained as described by Greene,
et 2l. in JACS 11Q, 5917 (l1988) or by other routes) or
7.10-bis-O-triethylsilyl baccatin III. .

~ As reported in Greene et al., 1l0-desacetyl
baccatin III is converted to 7-O-triethylsilyl-l0-deacetyl
baccatin I1I according to the following reaction scheme:

(7) (8a)

Under what is repbtted to be carefully optimized

- cenditions, 10-deacetyl baccatin III is reacted with 20

- equivalents of (C,Hg)3SiCl at 23°C under an argon
atmosphere for 20 hours in the presence of 50 ml of
pyridine/mmol of lp-deacetyl baccatin III to prdvide

- 7-0-triethylsilyl-10-deacetyl baccatin III (8a) as a reaction
pfoduct.in 84-86% yield after purification. The reacticn
product is then acetylated with 5 equivalents of CH,COC1
and 25 mL of pyridine/mmol of (8a) at 0 °C under an zrgon
atmosphere for 48 hours to .provide 86% yield of 7-O-tri-
ethylsilyl baccatin III (8b). Greene, et al. in JACS 110,
5917 at 5918 (1988).

_
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wher ei CFES-=al 'pxy protecting group, and Zis -Ol[err] wherein T2
I5 acyl, f§§ﬁﬁf ntyl, or hydroxy protecting group. Mst preferably,
t he al ¢ohols 7] pfotected baccatin Ill, in particular,
7-0-trfethylsi]|yl baccat n 11l (which can be obtained as described by
G eene '

18
Alternatively, 7-triethylsilyl-10-deacetyl
baccatin III (8Ba) can be protected at C-10 oxygen with an

acid labile hydroxyl protecting group. For example,

treatment of (8a) with n-butyllithium in THF followed by
treithylsilyl chloride (1.1 mol equiv.) at 0°C gives
7,10-bis-O-triethylsilyl baccatin III (8c) in 95% yield.
Also, (8a) can be converted to 7-O-triethylsilyl-10-(1-
ethoxyethyl) baccatin III (8d) in 90% yield by treatment

with excess ethyl vinyl ether and a catalytic amount of

methane sulfonic acid. These preparations are illustrated

in the reaction scheme below.
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=047 (1988) or by other routes) or

Il baccatin I11. As reported in Geene et al.,

d 1l Il is converted to 7-O-triethylsilyl-10-deacetyl

it ijmn QQIQ@}W' igito the following reaction schene: [err] Under what

; rted‘to bé"cafeful |y optim zed conditions, 10-deacetyl baccatin II1l-
' et—wi-F=28=e#iufjval ents of (C[err]l—gerr])[err]SiCI at 23[err]C
undef]__an ar gon 1

ng'c:.fl/_/, % S C8 b)
CyHy N E OCOCH,
8C0C°H5
0S1(C,Hs) 3
8 a n-Buli .
(C,Hy)zS84C1 (8c)
CaH;0C 1,
(CRT)CH;80,H 0S1¢CoHs) 5
: ( 8d)
; OCOCH,
£
OCOC, Hy

7-O-triethylsilyl baccatin III (8b), 7,10-bis-
O-triethylsilyl baccatin III (8c), or 7-O-triethylsilyl-
10-(l-ethoxyethyl) baccatin III (8d) is reacted with an
organometallic compound such as n-butyllithium in a solvent

such as tetrahydrofuran (THF), to form the metal alkoxide
- 8s =katl e-koxide

eet Has Been Reﬁaocd

"



atnnﬁ‘ﬁifjff“*‘f ~gf% in the presence of 50 ml of pyridine/mol of

10- defcgty “ﬁéccatln‘lll to provide 7-0-triethylsilyl-10-deacetyl baccatin
1T ( gg% br oduct in 84-86%yield after purification. The
react goh uct |s t_eﬁ acetylated with 5 equivalents of CH err]COO and
25 nlLto SErerrrer Yol bf (8a) at O[err] C under an argon atnosphere for 48
hour st o_provide 86%&¥ppld of 7-0-tri- ethylsilyl baccatin Il (8b).

e s

G eenés—et—ar~ "~ 1n JACS 110, 5917 at 5918 (;§88).

13-0-lithium-7-O-triethylsilyl  baccatin III  (9b)
13-0-1lithium-7,10-bis-O-triethylsilyl baccatin III (9c), or
13-0-11thium—?-o—triethylsi}yl-lo— (l-ethoxyethyl) baccatin
111 (94) as shown in the following reaction scheme:

CH3CH,CH,CHyLi + HO--

CHyCH,CH,CH; + LiO-

(9b) Z = -OCOCH,
(%9c) 2 = -0Si(C,KE5);
(9%d) Z = -OEE

~ As illustrated in the foilowing'reaction scheme,
a suitable metal alkoxide of the present invention such as
13-0-lithium-7-0O-triethylsilyl baccatin III derivative (9b,
9c, or 9d) reacts with an oxazinone of the presenf invention
to provide an intermediate (10b, 10c, or 10d) in which the
C-7 hydroxyl group is protected with a triethylsilyl or
l-ethoxyethyl group.

[
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18 Alte
pr ot ect
For exanp
treithyks

Bfriethylsilyl-10-deacetyl baccatin IIl (8a) can be
Mth an acid labile Uydroxyl protecting group.

fof (8a) with n-butyllithiumin THF fol | owed by
—chlofri"dé {111 nol equiv.) at O[err]C gives

21

N Ry
R, R,R’
9 b-d (2) 10 b-d4
b, R = -COCH3
c, R = —Si(C2H5)3
d, R = -EE

Intermediate compound (10b) readily converts to
taxol when R; is -ORgz, Ry and Rj “are hydrogen, R, is
phenyl, Rg is benzoyl and Rg is a hydroxy protecting gfoup
such as l-ethoxyethyl. 1Intermediate compound (1l0c) readily
converts to taxotere when R, is -ORg R, and R4 are
hydrogen, R4 is phenyl, Rg is tertbutoxycarbonyl and Rg is
a hydroxy protecting group such as l-ethoxyethyl.
Intermediate compound {(10d) readily converts to l0-deacetyl
taxol when Ry is -ORg, R, and Ry are hydrogen, R, is
phenyl, Rg is benzoyl, and Rg is a hydroxy protecting group
such as 1—eth02yethy1. Intermediate compounds (10b, 1l0c
and 10d) may be converted to the indicated compounds by
hydrolyzing the triethylsilyl and 1l-ethoxyethyl groups
under mild conditions so as not to disturb the ester
linkage or the taxane derivative substituents.

HF, CgHgN, CH3CN’

10b >  TAXOL
10c > TAXOTERE
log O-1% HCl, EtOH > . 10-DEACETYL TAXOL
e =
1hb$w“ﬁﬁmwiﬁﬁﬁwm
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7, 10 bbS ;0 trlethyI5|I dbaccatin 11l (8c) in 95%vyield. Also, (8a) can be
conver eq t@éﬁ@@[ﬁ%ﬁpt y‘S|IyI 10- (1 - ethoxyethyl) baccatin IIl (8d) in 90%
yiel d Ry jtreat ment mntl xcess ethyl vinyl ether and a catal ytic anount of
met-han - hese preparations are illustrated in the reaction
schene b6|OML :

22

Other taxane derivatives may readily be prepared
by selection of {(he proper substituents R; -~ Rg of
oxazinone (2) or Ry - Ry of metal alkoxide (3). The
preparation of such other compounds is illustrated in the
examples which follow.

Both the conversion of the alcohol to the metal
alkoxide and the ultimate synthesis of the taxol can take
place in the same reaction vessel. Preferably, the
oxazinone is added to the reaction vessel after formation
therein of the metal alkoxide.

The organometallic compound n-butyllithium is
preferably used to convert the alcohol to the corresponding
metal alkoxide, but other sources of méfallic substituent
such 2s lithium diisopropyl amide, other lithium or
'magnesium amides, ethylmagnesium bromide, methylmagnesium
bromide, other organolithium compounds, other organo-

- magnesium compounds, organosodium, organotitanium or .
organopotassium may also be used. Organometallic compounds
are readily available, or may be prepared by available
melthods including reduction of organic halides with metal.
For example, butyl bromide can be reacted with lithium
metal in diethyl ether to give a solution of n-butyllithium

in the following manner:

-10°¢

CH3CH,CH,CH,Br + 2L4 - CHyCH,CH,CH L1 + L4iBr

Et,0

Although THF is the preferred solvent for the
reaction mixture, other ethereal solvents, such as
dimethoxyethane, or aromatic solvents may also be
suitable. Certain solvents,. including some halogenated
solvenlts and some straight-chain hydrocarbons in which the

This Sheet Has Been Re‘ilaced
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{1¥l baccatin 111 (8b), 7,10-bis- O-triethylsilyl

19 fer ngu

baccatifni -triethylsilyl- 10-(1-ethoxyethyl) baccatin II

(8d) ig rganonetal | i ¢ conmpound such as n-butyllithiumin a

sol vent} d iydjofuran (THF), to formthe metal al koxi de

23

reactants are too poorly soluble, are not suitable. Other
solvents. are not appropriate for other reasons. For
example, esters are not appropriate for use with certain
organometallic compounds suéh as n-butyllithium due to
incompatibility therewith.

Although the reaction scheme disclosed herein is
directed to the synthesis of certain taxane derivatives, it
can be used with modifications in either the oxazinone or
the tetracyclic metal alkoxide. Therefore metal alkoxides
other than 13-0-lithium-7-O-triethylsilyl baccatin III may
be used to form an intermediate according to the method of
this invention. The oxazinone and the tetracyclic metal
alkoxide can be derived from natural or unnatural sources,
to prepare other synthetic taxols, taxol derivatives,
l0~-deacetyltaxols, and the enantiomers and diastereomers
Lthereof contemplated within the present invention.

_ The water solubility of compounds of formula (1)
may be improved if R; is -ORg and R;g is -OT;, and Rg
and/or'Tl are a functional group which increases
solubility, such as -COGCOR! wherein '

G is ethylene, propylene, -CHCH-, 1,2-cyclo-
hexane, or 1,2-phenylene,

R = OH base, NR?r3, OR3, srR3, OCH,CONR4R3, OH

RZ - hydrogen, methyl

R3 = (CH,),NR®R7; (CH,) N®RO6R7R8X,®

n = 1 to 3

RY = hydrogen, lower alkyl containing 1 to 4

carbons |

R® = hydrogen, lower alkyl containing 1 to 4

carbons, benzyl, hydroxyethyl, CH,CO,H,
dimethylaminoethyl

ROR7 = lower alkyl containing 1 or 2 carbons,

' benzyl or R® and

This Sheet Has Bee
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20 13- hyl si |yl baccatin |11l (9b)
13-0-11i D-{riethylsilyl baccatin Ill (9c), or
13-0-1i gfanh I'silyl-10- (I-ethoxyethyl) baccatin Ill (9d) as
shown i ngjr¢action schenme: [err] As illustrated in the
fol | ow FFemg, a suitable nmetal al koxi de of the present
i nventi
e 24
R7 together with the nitrogen atom of NROR7
form the following rings
| | | I
alelvlele
. N 1
CH,
R® = 1lower alkyl containing 1 or 2 carbons, benzyl
-Xle = halide
base = NHj3, (HOC5H4) 3N, N(CH3) 3, CHaN(C,H4OR) 5,
NH, (CH;) gNH5, N-methylglucamine, NaOH, KOH.
The preparation.of compounds in which Rg or T, is -COGCOR?
is set forth in Hangwitz U.S. Patent 4,942,184 whieh—Ts
incorporated—hesein—by—seference. .
The following examples illustrate the invention.
EXAMPLE 1
Preparation of Taxol
To a solution of 7-triethylsilyl baccatin III
(100 my, 0.143 mmol) in 1 mL of THF at -45°C was added
dropwise 0.087 mL of a 1.63M solution of nBulLi in hexane.
After 1 h at -45°C, a solution of 92 mg (0.286 mmol) of
(-)-cis-2,4-diphenyl-5-(l-ethoxyethoxy)-4,5~dihydro-1,3-
oxazin-6-one in 1 mL of THF was added dropwise to the
mixture. The solution was warmed to 0°C and kept at that
temperature'for 2 h before 1 mL of a 10% solution of AcOH
in THF was added. The mixture was partitioned between
saturated aqueous NaHCO; and 60/40 ethyl acetate/hexane.
Evaporation of the organic iayer gave a residue which was
purified by flash chromatography followed Dby
recrystallization to give 120 mg (80%) of (2'R,3'S)-2'-
ethoxyethyl-7-triethylsilyl taxol.
This Sheet Has Been
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13-0-1i
reacts
i nter

i\
silyl baccatin Il1l derivative (9b, 9c, or 9d)

of the present invention to provide an
r 10d) in which the G 7 hydroxyl group is
silyl or I-ethoxyethyl group. 21

25

A 5 mg sample of (2'R,3'S)-2'-ethoxyethyl-7-tri-
elhylsilyl taxol was dissolved in 2 mL of ethanol and 0.5
mL of 0.5% agqueous HCl solution was added. The mixture was
stirred at 0°C for 30 h and diluted with 50 mL of ethyl
acetate. The solution wés extracted with 20 mL of
saturated aqueous sodium bicarbonate solution, dried over
sodium sulfate and concentrated. The residue was purified
by flash chromatography to provide 4.5 mg (ca. 90%) of
taxol, which was identical with an authentic sample in all

respects.

EXAMPLE 2
Preparation of N-debenzoyl-N-
tertbutoxycarbonyl-10-deacetyl Taxol (Taxotere)

2-tertbutoxy-4-phenyl-5-(1l-ethoxyethoxy)-4,5-di-
hydro~1l,3-o0oxazin-6-one. To a solution of 409 mg (l.1l6
mmol) of N-tertbutoxycarbonyl-O-(l-ethoxyethyl)-3-phenyl-
isose;ine (3) in 20 mL of THF was added zslimg (2.33 mmol)
of sclid potassium tert-butoxide and the mixture ‘was
stirred at 25°C for 30 min. A solution of 134 mg (1.16
mﬁol) of methanesulfonyl chloride in 3.2 mL of THF was
added and the mixture was stirred at 25°C for 1.5 h. The
mixture was diluted with 80 mL of hexane and ethyl acetate
and this solution was extracted with 20 mL of saturated
agueous sodium bicarbonate solution and 10 mL of brine.

'The organic phase was dried over sodium sulfate and

concentrated to give 235 mg (70%) of 2¥tertbutoxy—4-pheny11
5-(l-ethoxyethoxy)-4,5-dihydro~1,3-oxazin-6-one as a
colorless oil.
N-debenzoyl-N-tertbotoxycarbonyl-10-deacetyl-Taxol
(Taxotere). To a solution of 7,10-bis-£riethylsilyl
baccatin III (100 mg, 0.124 mmol)) in 1 mL of THF at -45°C
was added dropwise 0.087 of a 1.63M solution of nBuLi in

This Sheet Has Been Reﬂlaced




(10b) readily converts to taxol when R, is

are hydrogen, R4 is phenyl, R5 is benzoyl and

i ng group-such as |-ethoxyethyl. Internediate
erts to taxotere when Rerr] is -ORerr], Rerr]
err] is phenyl, Rerr] is tertbutoxycarbonyl and
group such as |-gghoxyethyl. Internediate

y converts to 10-deacetyl

[erri In

-OR[err]
Rlerr] ip B Wﬁim
conpoundj ( Oéf“readl 6
and R er} | =oFe-hydroges
R6 is a hvdroxy protectin
conmpound (IO erTTd)
hexane. After 1 h at -45°C, a solution of 88 mg (0.286
mmol) of (-)-cis-2-tertbutoxy-4-phenyl-5-(l-ethoxyethoxy)-
4,5-dihydro-1,3~-0oxazin-6-one in 1 mL of THF was added
dropwise to the mixture. The solution was warmed to 0°C
and kept at that temperature for 2 h before 1 mL of a 10%

solution of AcOH in THF was added. The mixture was
partitioned between saturated aqueous NaHCO3; and 60/40
ethyl acetate/hexane. Evaporation of the organic layer

gave a residue which was purified by flash chromatography
followed by recrystallization to give 120 mg (80%) of
(2'R,3'S)-N-debenzoyl-N-tertbutoxycarbonyl-2'~ethoxyethyl-7,
10-bis-treithylsilyl taxoi. .

A 5 mg sample of (2'R,3'S)-N-debenzoyl-N-tert-
butoxycarbonyl-2'-ethoxyethyl-7,10-bis-triethylsilyl taxol
was dissolved in 2 mL of ethanol and 0.5 mL of 0.5% agqueous
HCl solution was added. The mixture was stirred at 0°C for
30 h and diluted with 50 mL of ethyl acetate. The solution
was extracted with 20 mL of saturated agqueous sodium
bicarbonate solution, dried over sodium sulfate and
concentrated. The residue was purified by column
chromatography on silica'gel eluted with ethyl/hexane to
provide 3.8 mg (ca. 90%) of N-debenzoyl-N-tertbutoxy-
carbonyl-10-deacetyl Taxol (Taxotere). All analytical and
spectral data were identical with that reported for
taxotere in U.S. Patent 4,814,470. '

In view of the above, it will be seen that the

several objects of the invention are achieved.

This Sheet Has Been Re{ilaced
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PRSI

CLAIMS
1. A process for the preparation of a taxane

derivative characterized in that a metal oxide substituted
taxane having a bi-, tri or tetracylic nucleus is reacted

with an oxazinone wherein the oxazinone has the formula

Ry
Y

N Ry

Ry Ry

and
Ry is =ORg;
Ry is hydrogen, alkyl, alkenyl, alkynyl, aryl, or

heteroaryl;
R3 and Ry are independently hydrogen, alkyl,

alkenyl, alkynyl, aryl, hetercaryl, or acyl, provided,
however, that R and Ry are not both acyl;
Rg is alkyl, alkenyl, alkynyl, aryl, alkoxy,

aryloxy or heteroaryloxy; and
Rg is hydrogen, alkyl, alkenyl, alkynyl, aryl,

heteroaryl, or hydroxy protectlng group.

2. A process according to claim 1, wherein R, and

R, are hydrogen or lower alkyl and R3 is aryl.

3. .A.proceés according to claim 1 or claim 2,
wherein the metal alkoxide has a tetracylic taxane nucleus.

4. A process accofding to any one of claims 1 to 3,
wherein the metal alkoxide is derived from an alcohol having

the formula:

This Sheet Has Been Reﬂlaced




22 O ;f’“g RJ&N % atfi ves may readily be prepared by Eﬁﬂ?ﬁﬂjﬂm%~9L~LhL_§_~
pfop ISQEE siRlerr] - Rerr] of oxazinone (2)_0 err]
of w I The preparation of such other co @,ﬂd@ ”’
i1 uslrig | es which fdiéwv Bot h t he conver3|0ﬂ ”

al cohpl to the netal

—

(6)

“wherein T; us a hydroxy protecting group, Z is -0T,, and Ty
is acetyl or hydroxy protecting group.

5. A process according to any one of claims 1 to 4,
wherein the metal alkoxide is a metal alkoxide of 7-

protected baccatin IIT.

6. . A process according to claim 5, wherein the
metal alkoxide is a metal alkoxide of 7-O-triethylsilyl
baccatin IIi or a metal alkoxide at 7,10-bis-O-triethylsilyl
baccatin III or a metal alkoxide of 7-O~triethylsilyl-10-
deacetyl baccatin III or a metal alkoxide of 7-0-
triethylsilyl-10~(l-~ethoxyethyl) baccatin III.

7. A process according to claim 1 or claim 2,
wherein the metal alkoxide has the formula:

MOmmme

wherein: : B |
Rig and Rjg are independently hydrogen, hydroxy,

lower alkanoyloxy, alkenoyloxy, alkynoyloxy, aryloyloxy or

Rij5 and Ry together form an oxo;
'R17 and R;g are independently hydrogen or lower

is Sheet Has Been Rei
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e synthesis of the taxol can taKC prace—i

Preferably, the oxazinone is
rmati on therein of the netal al ko mqtﬂ " uulll
-butyllithiumis preferably used

al koxijeert
sane aCtTon vesseh
reacti

or ganc
al coho] ¥ - I ng nmetal al koxi de, but other sources of netalllc
substifuent . D um dii sopropyl am de, other lithiumor magnesi um
am des, y nagne5|un1bron1de met hyl magnesi um

- 29 -

alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy or Ry
and R;g together form an oxo,

Ryg and Ry are independently hydrogen or
hydroxy or lower alkanoyloxy, alkenoyloxy, alkynoyloxy, or
aryloyloxy;

Ryy and Ryo are,independently hydrogen or lower
alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy or R,;
and R, together form an oxo;

' Ryy is hydrogen or hydroxy or lower alkanoyloxy,
alkenoyloxy, alkynoyloxy, or aryloyloxy; or
and Ry, together form an oxo or methylene or
and Ry together form an oxirane ring or
and Rzz'together form an oxetane ring;

Rys is hydrogen, hydroxy, or lower alkanoyloxy,
alkenoyloxy, alkynoyloxy, or aryloyloxy or

Ryg is hydrogen, hydroxy, or lower alkanoyloxy,
alkenoyloxy, alkynoyloxy, or aryloyloxy; or st and Rgg
taken together form an oxo; and

Ry7 is hydrogen, hydroxy or lower alkoxy,

alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy.

8. A process according to claim 7, wherein R;g is
hydrogen, Ryj5 is =0Ty or -0COCH3, Ty is a hydroxy
protecting group and M is selected from the group comprising

Li, Mg, Na, K and Ti.

g.. A process according to any one of claims 1 to 8,
wherein the metal oxide substituent is selected from the

group consisting of LiO-, MgO-, NaO-, KO-, and TiO-.

T



brdﬁide,

or ganosodifits a-fm  or or ganopot-assi um may al so be used.

Or ganonet are readily available, or nmay be prepared by
avai |l abl e gfreduction of organic halides with netal. For
exanpl e, | cah be reacted with lithiumnmetal in diethyl ether
to give alsolution o I 1ithiwngogn<4he follow ng manner: [err]

SEMI-SINTHESIS OF TAXANE DERIVATIVES
USING METAL ALKOXIDES AND OXAZINONES

ABSTRACT OF THE DISCLOSURE -

A process for preparing taxane derivatives such
as taxol by providing a metal alkoxide having the bi, tri-,
or tetracylic taxane nucleus, reacting the metal alkoxide
with an oxazinone to form an intermediate, and converting
the intermediate to the taxane derivative.

This Sheet Has Been Re|ilaced
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SEMI-SYNTHES1S OF TAXANE DERIVATIVES
USING METAL ALKOXIDES AND OXAZINONES

BACKGROUND OF THE INVENTION
The present  invention is directed to a

semi-synthesis for the preparation of taxane derivatives
such as taxol, taxotere and other biologically active
derivatives involving the use of metal alkoxides and
oxazinones. '
. The taxane family of terpenes, of which taxol is

a member, has attracted considerable interest in both the
biological and chemical arts. Taxol is a promising cancer
chemotherapeutic agent with a broad spectrum of
antileukemic and tumor-inhibiting activity. Taxol has the

following structure:

@9
CeHs

Omn_

wherein Ac is acetyl. Because of this promising activity,
taxol 1is currently unde;going clinical trials in both

France and the United States.
Thé'supply"of taxol for these clinical trials is

presently being provided by the bark from Taxus brevifollis
(Western Yew). However, taxol is found only in minute
guantities in the bark of these slow growing evergreens,
causing considerable concern that the limited supply of
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r qasons. For exanple, esters are not appropriate
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|s of certain taxane derivatives, it can be used
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taxol will not meet the demaud. Consequently, chemists in
recent years have expended their energies in trying to find

a viable synthetic route for the preparation of taxol. So

Ear, the results have not been entirely satisfactory.

One synthetic route that has been proposed is
directed to the synthesis of the tetracyclic taxane nucleus
from 'commodity chemicals. A synthesis of the taxol
congener taxusin has been reported by Holton, et al. in
JACS 110, 6558 (1988). Despite the progress made in this
approach, the final total ;synthesis of taxol 1is,
nevertheless, likely to be a multi-step, tedious, and
costly process.

A semi-synthetic approach to the preparation of
taxol has been described by Greene, et al. in JACS 1190,

5917 (1988), and involves the use of a congener of taxol,
l10-deacetyl baccatin III which has the structure of formula

II shown below:

HOumm

lo-deacetyl baccatin III is more readily available thad
taxol since it can be obtained from the needles of Taxus
baccata. According to the method. of Greene et al.,
l0-deacetyl baccatin. III 1is converted to taxol by
attachment of the C-10 acetyl group and by attachment of



and t he
sour ces,

cont enpl
conmpoundg—g

-triethylsilyl baccatin Il nmay be used to form

S -OTl[err] and‘R[err]

: ] A
lﬁjgg_r;d it 1o the nethod of this invention. The oxazi none
' i &l koxi de can be derived fromnatural or unnatural
$ynt hetic taxols, taxol derivatives,
10- deacetiyl and thetenantioners and di astereoners thereof
¢sent invention. The water solubility of
hy be i nproved if3R[err] is -ORerr] and R err]

the C-13 RB-amido ester side chain through the
esterification of the (C-13 alcohol with a B-amido
carboxylic acid unit. Although this approach requires
relatively few steps, the synthesis of the B-amido
carboxylic acid unit is a multi-step process which proceeds
in low yield, and the coupling reaction is tedious and also
prdcéeds in low yield. However, this coupling reaction is
a key step which is required in every contemplated
synthesis of taxol or biologically active derivative of

" taxol, since it has been shown by Wani, et al. in JACS 93,
2325 (1971) that the presence of the B-amido ester side
chain at Cl3 is required for anti-tumor activity.

More recently, it has been reported in Colin et
al. U.S. Patent No. 4,814,470 that taxol derivatives of the
formula III below, have an activity significantly greater
than that of taxol (I). -

(IIX)

(EO‘O

2' CH-R *
| o)
c° Hﬁ_CH_ .. |..
3 '\ OCOCH,

R* represents hydrogen or acetyl and one of R" and R"'
represents hydroxy and the other represents tert-butoxy-
carbonylamino and their stereoisomeric forms, and mixtures
thereof. :
| According to Colin et al., U.S. Patent 4,418,470,
the products of general formula (IXIX) are obtained by the



and/or T %M%EN%

+COCCOR[ ferfr ] mherETﬂVIQTs"ethylene,

or 1, 2-

OCH err]

(CH err]
3 Rerr]

{

'jonal group which increases solubility, such as
propyl ene, -CHCH , 1,2-cyclo- hexane,

3 OH base, NR[err]Rerr], ORerr], SRerr],

®H Rl err] - hydrogen, nmethyl Rerr] =

CHerr])nNerr]Rerr]Rlerr]Rlerr]X[err] n=1to
Iomer al kyl containing 1 to 4

S ekt

= hydrogen,

5

o

0COC, K,

in which R' denotes hydrogen or acetyl'wherein an acid of
general formula:

0—R,

. VI
(CH,) 3 COCON cooH e
CsHy

in which R; is a hydroxy-protecting group, is condensed
with a taxane derivative of general formula:

o OR,

(VII)

H

o - OCOCH,
0COC Hy

in which R, is an acetyl hydroxyfprotecging group and R3 1is

a hydroxy-protecting group, and the protecting groups Rj,



.Eﬁgr+omer al kyl containing 1 to 4 carbons, benzyl
i met hyl ami noethyl Rlerr] R err] = | ower alkyl
5, {benzyl or R6 and :

:

R, and, where appropriate, R, are then replaced by hydrogen.
However, this method employs relatively harsh conditions,
proceeds with poor conversion, and provides less than
optimal yields.

EP-A-0428376 discloses a method for preparing a
taxol intermediate by reacting an alcohol with an oxazinone,

the oxazinone having the general formula:

in which R, is aryl, heteroaryl, alkyl, alkenyl, alkynyl or
OR, wherein R, is alkyl, alkenyl, alkynyl, aryl or
heteoaryl; R, and R, are independently selected from
hydrogen, alkyl, alkenyl, alkynyl, aryl, heterocaryl, and OR,
wherein Ry is alkyl, alkenyl, alkynyl, aryl, hetefoaryl or
hydroxyl protecting group; and R, and R, are independently
selected from hydrogen, alkyl, alkenyl, alknynl, aryl and
heterocaryl. This method produces yields of taxol
intermediate product in the region of 77%. It requires a
rather long reaction time and also the presence of an
activating agent to activate the oxazinone.

In "Chemistry of Heterocyclic Compounds", 11 (1987)
at page 1157 the chemical properties of inter alia
1,3-oxazin-6-ones are discussed. According to this
document, the presence of acids and alkalis promotes ring
cleavage of such compounds. Ring cleavage reactions of this
kind are also mentioned in Gazz. Chim. Ital. 116(7) 361
(1986) at page 370. It is said that 1,3-oxazin-6-ones are
easily converted into derivatives by ring opening with

nucleophiles.
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A major difficulty remaining in the synthesis of
taxol and other potential anti-tumor agents is the lack of a
readily available method for easy attachment, to the C-13
oxygen, of the chemical unit which provides the 8-amido
ester side chain. Development of such a process for its
attachment in high yield would facilitate the synthesis of
taxol as well as related anti-tumor agents having a
modified- set of nuclear substituents or a modified C-13 side
chain. This need has been fulfilled by the discovery of a
new, efficient process for attachment, to the C-13 oxygen,
of the chemical unit which provides the R-amido ester side

chain.

SUMMARY OF THE INVENTION

Among the objects of the present invention,
therefore, is the provision of a side chain precursor for
the synthesis of taxane derivatives, and the provision_of a
process for the attachment of the side chain precursor in
relatively high yield to provide an intermediate which is
readily converted to the desired taxane derivative.

In accordance with the present invention, a process
is provided for preparing taxol, taxotere and other
biologically active taxane derivatives having the following

structural formula:
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wherein

Ry is -ORg;

R, is hydrogen, alkyl, alkenyl, alkynyl, aryl, or
heteroaryl;

Ry and R4 are independently hydrogen, alkyl,
alkenyl, alkynyl, aryl, heteroaryl, or acyl, provided,
however, that R3 and R4 are not both acyl;

Rg is alkyl, alkenyl, élkynyl, aryl, alkoxy,
aryloxy or heteroaryloxy: ' .

Rg is hydrogen, alkyl, alkenyl, élkynyl, aryl,
heteroaryl, or hydroxy protecting group,

Ryg and R;¢ are independently hydrogen, hydroky,
lower alkanoyloxy, alkenoyloxy, alkynoyloxy, aryloyloxy or
Ryjs and Ryg together form an oxo;

Rj7 and Rjg are independently hydrogen or lower
alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy or R;g
and Ryg together form an oxo;

Rjg and R,qg are independently hydrogen or hydroxy
or lower alkanoyloxy, alkenoyloxy, alkynoyloxy, or
aryloyloxy;
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R,y and Ry, are independently hydrogen or lower:

alkanoyloxy,

alkenoyloxy,

alkynoyloxy,

and R,, together form an oxo;
Ro4 is hydrogen or hydroxy or lower alkanoyloxy,

alkenoyloxy,
Ry3
Ry3
Ry3
‘Ryg

alkynoyloxy,

and Ry, together form an
and Ry, together form an
and Ry, together form an

is hydrogen, hydroxy, or

or aryloyloxy:

or aryloyloxy or Ry,

or
oxo or methylene or
oxirane ring or
oxetane ring;

lower alkanoyloxy,

alkenoyloxy, élkynoyloxy, or aryloyloxy or
Rog is hydrogen, hydroxy, or lower alkanoyloxy,
alkenoyloxy, alkynoyloxy, or aryloyloxy; or Rjg and Ryg
taken together form an oxo; and
R, is hydrogen, hydroxy or lower alkoxy,

alkanoyloxy,

Briefly,

alkenoyloxy,

alkynoyloxy,
therefore,

the present

‘or aryloyloxy.

invention is

directed to a process for the preparation of a taxane

derivative in which oxazinone (2) is reacted with a metal
alkoxide having the bi-, tri- or tetracyclic taxane nucleus
to forin a B-amido ester intermediate. The intermediate is
then converted to the taxane derivative. Oxazinone (2) has

the general formula:

R
Ry, Ry ?

Preferably, the
taxane

wherein R; - Rg are as previously defined.
the
corresponding to the general formula:

metal alkoxide has tricyclic nucleus
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wherein M is a metal, and Ryg-Ry7 are as previously
defined. Most preferably, the metal alkoxide has the
tetracyclic taxane nucleus corresponding to metal alkoxide
(3) wherein Ry, &nd Ry3 together form an oxetane ring.

Other objects and features of this invention will
be in. part apparent and in part'pointed out hereinafter.
DETAILED DESCRIPTION

The present invention is directed to a process
for preparing taxol, taxotere and other taxane derivatives
which are biologically active using oxazinone (2), the
structure of which is depicted hereinbelow:

wherein Ry, Ry, R3, Ry and Rg are as previously defined.

In accordance with the present invention, Rg of
oxazinone (2) is.preferably aryl, p-substituted phenyl, or
lower alkoxy, and most preferably phenyl, methoxy, ethoxy,
tert-butoxy ("tBuO"; (CH3)3CO—), or



sat.ur at ed pi-car bonat e solutlon dried over sodiumsulfate
and conce X ; &ae was purified by flash chromatography to
provi de' 4.5 % f it axol , which was identical with an authentic
sanple in § ANMPLE 2 Preparation of N-debenzoyl -
t ert but oxyfa - ‘Headetlyl Taxol (Taxotere)
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wherein X is Cl, Br, F, CH30-, or NO,-. Preferably R, and
Ry are hydrogen or lower alkyl. Rq is preferably aryl,
most preferably, naphthyl, phenyl,

O O

wherein X is as previously defined, Me is methyl and Ph is
phenyl. Preferably, Ry is -ORg wherein Rg is l-ethoxyethyl
("EE") methoxymethyl, or 2,2,2-trichloroethoxymethyl.

The oxazinone a1kj1 groups, either alone or with
the various substituents defined hereinabove are preferably
lower alkyl-containiné from one to six carbon atoms in the
principal chain and'up to 15 carbon atoms. They may be
straight or branched chain and include methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, tert~butyl, aryl,
hexyl, and the like.
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' w4 chloride in 3.2 nL of THF was added and the
25[ferr]C for 1.5 h. The m xture was diluted with 80

nmL of hexare=ara—etmyT ~acet at e and this.solfiion was extracted with 20 niL

of saturated

The oxazinone alkenyl groups, either alone or
with the various substituents defined hereinabove are
preferably luwer alkenyl containing from two to six carbon
aloms in the principal chain and up to 15 carbon atoms.
They may be straight or branched chain and include ethenyl,
propenyl, isopropenyl, butenyl, isobutenyl, aryl, hexenyl,
and the like.

The oxazinone alkynyl groups, either alone or
with the various substituents defined hereinabove are '
preferaﬁij lower alkynyl containing from two to six carbon
atoms in the principal chain and up to 15 carbon atoms.
They'may be straight or branched chain and include ethynyl,
propynyl, butynyl, isobutynyl, aryl, hexynyl, and the like.

The oxazinone aryl moieties described, either
alone or with various substituents, contain from 6 to 15
carbon atoms and include phenyl, a-maphthyl or B8-naphthyl,
etc. Substituents include alkanoxy, protected hydroxy,
halogen, alkyl, aryl, alkenyl, acyl, acyloxy, nitro, amino,
amido, etc. Phenyl is the more preferred aryl.

As noted above, R; of oxazinone (2) is -ORg with
Rg being alkyl, acyl, l-ethoxyethyl  ("EE"), 2,2,2-trichloro-
ethoxymethyl, or other hydroxyl protecting group such as
acetals and ethers, i.e., methoxymethyl ("MOM"),
benzyloxymethyl; and esters, such as acetates; carbonates,
such as methyl carbonates. A variety of protecting groups
for the hydroxyl group .and the synthesis thereof may be
found in "Protective Groups in Organic Synthesis" by T. W.
Greene, John Wiley and Sons, 1981. The hydroxyl protecting
group selected should be easily removed under conditions
that are sufficiently mild, e.g., in 48% HF, acetonitrile,
pyridine, or 0.5% HCl/water/ethanol, and/or zinc, acetic
acid so as not to disturb the ester linkage or other
substituents of the'taxoi intermediate. However, Rg is
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preferably l-ethoxyelhyl or 2,2,2-trichloroethoxymethyl,
and most preferably l-ethoxyethyl.

) Since oxazinone (2) has several asymmetric
carbons, it is known to those skilled in the art that the
compounds of the present invention having asymmetric carbon
atoms may exist in diastereomeric, racemic, or optically
active forms. “All of these forms are contemplated within
the scope of this invention. More specifically, the
present invention includes enantiomers, diastereomers,
racemic mixtures, and other mixtures thereof.

Oxazinone (2) can be prepared from readily
available materials according to the following reaction

scheme:

0
o
R=/<N——‘/ ? 4 Ry TN
KOH R " XOt Bu Poel
e AN W e
Ry Ry R‘/\Rgaz

4 5 2

Carboxylic acid 5 may alternatively be prepared according
to the method described in Greene et al., JACS 110, 5917
(1988). B-lactams 4 can be prepared from readily available
materials, as illustrated in the following reaction scheme
in which Ry and Rg are phenyl, R, and Ry are hydrogen, and
R, -ORg wherein Rg is is_ethoxyethylz
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reagents: (a) triethylamine, CH,Cl,, 25°C, 18h; (b) 4 equiv
ceric ammonium nitrate, CH3CN, -10 °C, 10 min; (c) KOH,

THF, H20, O °C, 30 min; (d) ethyl vinyl ether, THF, toluene
sulfonic acid (cat.), 0 °C, 1.5h; (e) CH3Li, ether, -78 °C,
10 min; benzoyl chloride, -78 °C, 1lh.

The starting materials are readily available.
a-Acyloxy acetyl chloride is prepared from glycolic acid,
and, in the presence of a tertiary amine, it cyclocondenses
with imines prepared from aldehydes. and p-methoxyaniline to
give l-p-methoxyphenyl-3-acyloxy-4-arylazetidin-2-ones.

The p-methoxyphenyl group can be readily removed
through oxidation with ceric ammonium nitrate, and the
acyloxy group can be hydrolyzed under standard conditions
familiar to those experienced in the art to provide

3-hydroxy-4-arylazetidin-2-ones. :

| The 3-hydroxyl group may be protected with a
variety of standard protecting groups such as the
l-ethoxyethyl group. Preferably, the racemic 3-hydroxy-
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but oxycart
4-arylazetidin-2-one is resolved into the pure enantiomers
prior to protection by recrystallization of the
corresponding 2-methoxy-2-(trifluoromethyl) phenylacetic
esters and only the dextrorotatory enantiomer is used in
the preparation of taxol. In any event, the 3-(l-ethoxy-
ethoxy)—4-pheny1azetidin-2-one can be converted to B-lactam
4, by treatment with a base, preferably n-butyllithium, and
an aroyl chloride at -78 °C or below.

- .As noted above, the metal alkoxides used in the
process of the present invention have the bi-, tri- or
tetracyclic taxane nucleus. As used herein, a metal
alkoxide having the bicyclic taxane nucleus corresponds to
a compound containing rings A and B of metal alkoxide (3):

wherein M and RlS“Ré7 are as previously defined.: A metal
alkoxide having the tricyclic taxane nucleus corresponds to
2 compohnd containing rings A, B and C of metal alkoxide
(3). A metal alkoxide having the tetracyclic taxane
nucleus corresponds to a compound containing rings A, B and
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C of metal alkoxide (3) and in which Ry5; and Ry3 together

form an oxetane ring.
Preferably, the metal alkoxide used in the

process of the present invention is metal alkoxide (3).
Most preferably, R;g is ~O0T; or -OCOCH3; R;g is hydrogen;
Rl7_and Ryg together form an 0x0; Rjg is -0OT;; Rjyqg and Rp;
are hydrogen; Ry, and Rjy3 together form an oxetane ring;
Ry, is CH3C00-; Rys is PhCOO-; Ryg is hydrogen; Ryy is
hydroxy; and Ty and T, are independently hydrogen or
hydroxy protecting group. The metal alkoxide hydroxy
protecting groups may be the same as those previously
identified for Rg of the oxazinone, and preferably are
trialkyl or triaryl silyl, and most preferably, triethyl
silyl ("TES"). _

Metal substituent, M, of metal alkoxide (3) is a
Group IA, IIA, IIIA, lanthanide or -actinide element or a
transition, Group IIIA, IVA, VA or VIA metal. Preferably,
it is a Group 1A, 1lA or transifion metal, and most
preferably, it is lithium, magnesium, sodium, potassium or
titantium.

The metal alkoxide alkyl groups, either alone or
with the various substituents defined hereinabove are
preferably lower aikyl containing from one to six carbon
atoms in the principal chain and up to 10 carbon atoms.
They may be straight or branched chain and include methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl,
aryl, hexyl, and the like. '

The metal alkoxide alkenyl groups, either alone‘
or with the various substituents defined hereinabove are
preferably lower alkenyl containing from two to six carbon
atoms in the principal chain and up to 10 carbon atoms.
They may be straight or branched chain and include ethenyl,
propenyl, isopropenyl, butenyl, isobutenyl, aryl, hexenyl,
and the like. |
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The metal alkoxide alkynyl groups, either alone
or with the various substituents defined hereinabove are
preferably lower alkynyl containing from two to six carbon
atoms in the principal chain and up to 10 carbon atoms.
They may be straight or branched chain and include ethynyl,
propynyl, butynyl, isobutynyl, aryl, hexynyl, and the 1like.

Exemplary alkanoyloxy include acetate, propionate,
butyrate, valarate, isobutyrate and the like. The more
preferred .alkanoyloxy is acetate.

The metal alkoxide aryl moieties, either alone or
wilh various substituents contain from 6 to 10 carbon atoms
and include phenyl, a-naphthyl or B8-naphthyl, ' etc.
Substituents include alkanoxy, hydroxy, halogen, alkyl,
aryl, alkenyl, acyl, acyloxy, nitro, amino, amido, etc.
Phenyl is the more preferred aryl. ,

Metal alkoxides (3) are prepared by reacting an
alcohol having two to four rings of the taxane nucleus and
a C-13 hydroxyl group with an organometallic compound in a
suitable solvent. Preferably, the alcohol is derivative of
baccatin III or 10-deacetyl baccatin III having the

structure

 Howm
(6)

wherein T; is a hydroxy protecting group, and 2 is 0T,
wherein T, is acyl, preferably acetyl, or hydroxy
protecting group. Most preferably, the alcohol is a
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protected baccatin III, in particullar, 7-0-triethylsilyl
baccétin II1 (which can be obtained as described by Greene,
et al. in JACS 110, 5917 (1988) or by other routes) or
7.10- blS—O triethylsilyl baccatin III.

As reported in Greene et al., 1l0-dsacetyl
baccatin III is converted to 7-O-triethylsilyl-l0-deacetyl
baccatin I1I according to the following reaction scheme:

(C,Hy)gS1C

——————————

CyHyN

)] | '~ (8a)

Under what is reported to be carefully optimized
conditions, l0-deacetyl baccatin III is reacted with 20
equivalents of (Cj;Hg5)3SiCl at 23°C under an argon
atmosphere for 20 hours in the presence of 50 ml of
pyridine/mmol of l0-deacetyl baccatin III to prdvide
7-0—triethylsilyl-io-deacetyl baccatin III (8a) as a reaction
product'in 84-86% yield after purification. The reaction
product is then acetylated with 5 eguivalents of CH;COCl
and 25 mL of pyridine/mmol of (8a) at 0 °C under an argon
atmosphere for 48 hours to provide 86% yield of 7-O-tri-
ethylsilyl baccatin III (8b). Greene, et al. in JACS 110,
5917 at 5918 (1988).
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Alternatively, 7-triethylsilyl-1l0-deacetyl
baccatin III (8a) can be protected at C-10 oxygen with an
acid 1labile hydroxyl protecting group. For example,

' treatment of (8a) with n-butyllithium in THF followed by
treithylsilyl chloride (1.1 mol equiv.) at 0°C gives
7,10-bis-O-triethylsilyl baccatin III (8c) in 95% yield.
Also, (8a) can be converted to 7-O-triethylsilyl-10-(1l-
ethoxyethyl) baccatin III (8d) in 90% yield by treatment
with excgss'ethyl vinyl ether and a catalytic amount of
methane sﬁlfonic acid. These preparations are illustrated

in the reaction scheme below.
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CH,COC1 z
CoHN £ ococ,
OCOC 4 Hy
OSi(C;Hs),
0Si(C,Hs) 3
HOumn
-BuLi
8 . n \8} . g
(CoHy) 5S40 g (8¢c)
E g
£ OcOCH,
0COC, Hy
CyHyOC, Hy OEE
( CAT)CH,SO, H 0S1(CyHs) 3
HOnM
§ ¢ 8=_!J
§ ococH,
i
0COC, By

7-O-triethylsilyl baccatin III (8b), 7,10-bis-
O-triethylsilyl baccatin III (8c), or 7-O-triethylsilyl-
10-(l-ethoxyethyl) baccatin III (8d) is reacted with an
organometallic compound such as n-butyllithium in a solvent
such as tetrahydrofuran (THF), to form the metal alkoxide
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13-0-1ithium-7-O-triethylsilyl baccatin III (9b)
13-0-1lithium-7,10-bis-O-triethylsilyl baccatin III (9c), or
13-0-1ithium-7-O-triethylsilyl-10- (1-ethoxyethyl) baccatin
I11 (9d4) as shown in the following reaction scheme:

CH3CH,CH,CH,Li + HO-

OSi(C,Hs) g
CH,CH,CH,CE; + LiO-

(9b) Z = -OCOCH,
' OcOCH, (9d) Z = -OEE

0COCg H

As illustrated in the following reaction scheme,
a suitable metal alkoxide of the present invention such as
13-O-lithium-7-O-triethylsilyl baccatin III derivative (9b,
9c, or 9d) reacts with an oxazinone of the present invention
to provide an intermediate (10b, 10c, or 10d) in which the
C-7 hydroxyl group is protectéd with a triethylsilyl or
l-ethoxyethyl group.
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RO
O

R, %

AcO

10 b-d
b, R = "'COCH3
c, R = -Si (C2H5)3
d, R = -EE

9 b-d (2)

Intermediate compound (10b) readily converts to
taxol when R; is -ORg, R, and R3 "are hydrogen, Ry is
phenyl, Rg is benzoyl and Rg is a hydroxy protecting group
such as l-ethoxyethyl. Intermediate compound (10c) readily
converts to taxotere when R; is -ORg R, and R4 are
hydrogen, R, is phenyl, Rg is tertbutoxycarbonyl and Rg is
a hydroxy protecting group such as l-ethoxyethyl.
Intermediate compound (10d) readily converts to l0-deacetyl
taxol when Ry is -ORgz, R, and Ry are hydrogen, Ry is
and Rg is a hydroxy protecting group

Intermediate compounds (10b, 10c

phenyl, Rg is benzoyl,
such as l-ethoxyethyl.
and 10d) may be converted to the indicated compounds by
hydrolyzing the triethylsilyl and 1l-ethoxyethyl groups
under mild conditions so as not to disturb the ester
linkage or the taxane derivative substituents.

HF, CzHeN, CH-CN
275 3 >  TAXOL

10b

HF, CzH=N, CHLCN
10c Sk 3 —

0.1% HCl, EtOH
lod ]

TAXOTERE

10-DEACETYL TAXOL
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Other taxane derivatives may readily be prepared
by selection of the proper substituents R; - Rg of
oxazinone (2) or Ryg - Ry of metal alkoxide (3). The
preparation of such other compounds is illustrated in the

examples which follow.
Both the conversion of the alcohol to the metal

alkoxide and the ultimate synthesis of the taxol can take
place in the same reaction vessel. Preferably, the
oxazinone - is added to the reaction vessel after formation
therein of the metal alkoxide.

The organometallic compound n-butyllithium is
preferably used to convert the alcohol to the corresponding
metal alkoxide, but other sources of méfallic substituent
such as lithium diisopropyl amide, other lithium or
magnesium amides, ethylmagnesium bromide, methylmagnesium
bromide, other organolithium compounds, other organo-
magnesium compounds, organosodium, organotitanium or ..
organopotassium may also be used. Organometallic compounds
are readily available, or may be prepared by available
methods including reduction of organic halides with metal.
For example, butyl bromide can be reacted with lithium
metal in diethyl ether to give a solution of n-butyllithium

in the following manner:

-10°
CHyCHCHCH, Br + 2L ———r CH,CH,CH,CH,Li + LiBr
:

Although THF is the preferred solvent for the
reaction mixture, other ethereal solvents, such as
dimethoxyethane, or aromatic solvents may also be
suitable. Certain solvents, including some halogenated
solvents and some straight-chain hydrocarbons in which the
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reactants are Eoo poorly soluble, are not suitable. Other
solvents. are not appropriate for other reasons. For
example, esters are not appropriate for use with certain
organometallic compounds such as n-butyllithium due to
incompatibility therewith.

_ Although the reaction scheme disclosed herein is
directed to the synthesis of certain taxane derivatives, it
can be used with modifications in either the oxazinone or
the tetracyclic metal alkoxide. Therefore metal alkoxides
other than 13-0-lithium-7-O-triethylsilyl baccatin III may
be used to form an intermediate according to the method of
this invention. The oxazinone and the tetracyclic metal
alkoxide can be derived from natural or unnatural sources,
to prepare other synthetic taxols, taxol derivatives,
10-deacetyltaxols, and the enantiomers and diastereomers
thereof contemplated within the present invention.

The water solubility of compounds of formula (1)
may be improved if R; is -ORg and R;g is -0T;, and Rg
and/or Ty are a functional group which increases
solubility, such as -COGCOR! wherein '

G is ethylene, propylene, -CHCH-, 1,2-cyclo-
hexane, or l,2-phenylene,

R! - OH base, NRZR3, OR3, SR3, OCH,CONRYR7, OH

R?Z - hydrogen, methyl |

R3 = (CH,),NROR7; (CH,),N®ROR7RSX,®

n =1 to 3

R = hydrogen, lower alkyl containing 1 to 4
carbons '

RO = hydrogén, lower alkyl containing 1 to 4
carbons, benzyl, hydroxyethyl, CH,CO,H,
dimethylaminoethyl

R6R7 = lower alkyl containing 1 or 2 carbons,

benzyl or rR® ang
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R7 together with the nitrogen atom of NRSR?
form the following rings

alglelele

'.RB = lower alkyl containing 1 or 2 carbons, benzyl
x;® = halide
base = NHj, (HOC,H4)3aN, N(CH3)3, CH3N(C,H,0H),,
NH5 (CH,) gNH,, N-methylglucamine, NaOH, KOH.
The preparation of compounds in which Rg or T; is -COGCOR?
is set forth in Hangwitz U.S. Patent 4,942,184 whieh—is
incorporsted-herein—by-reference.

'The'following examples illustrate the invention.

EXAMPLE 1

Preparation of Taxol

To a solution of 7-triethylsilyl baccatin III
(100 my, 0.143 mmol) in 1 mL of THF at -45°C was added
dropwise 0.087 mL of a 1.63M solution of nBuli in hexane.
After 1 h at -45°C, a solution of 92 mg (0.286 mmol) of
(-)-cis-2,4-diphenyl~5-(l-ethoxyethoxy)-4,5-dihydro-1,3~
oxazin-6-one in 1 mL of THF was added dtopwise to the
mixture. The solution was warmed to 0°C and kept at that
temperature for 2 h before 1 mL of a 10% solution of AcOH
in THF was added. The mixture was partitioned between
saturated agqueous NaHCO; and 60/40 ethyl acetate/hexane.
Evaporation of the organic layer gave a residue which was
purified by flash .chromatography followed Dby
recrystallization to give 120 mg (B0%) of (2'R;3'8S)-2'~
ethoxyethyl-7-triethylsilyl taxol. -



kanoyloxy,‘ E ,szfl‘oyloxy, or aryloy- loxy. 8. The process of
claim 7 wheretst =8y dr ogen, R[err] is -Offerr] or -OCOCH err],
Tlerr] is g Wyd s gimg group and Mis selected fromthe group
conpri si ng fLif, ﬂ@ﬁéﬂgiaﬁp AadiTi. 9. The process of claim7 wherein Rlerr]
and Rlerr] aﬂgzg¥gégggg=g=gl:merallkyl Rlerr] is aryl, and Rerr] is a
hydr oxy pr{tecting group. 25

[

A 5 mg sample of (2'R,3°'S)-2'-ethoxyethyl-7-tri-
eLhylsilyl taxol was dissolved in 2 mL of ethanol and 0.5
mL of 0.5% aqueous HCl solution was added. The mixture was
stirred at 0°C for 30 h and diluted with 50 mL of ethyl
acetate. The solution was extracted with 20 mL of
saturated aqueous sodium bicarbonate solution, dried over
sodium sulfate and concentrated. The residue was purified
by flash chromatography to provide 4.5 mg (ca. 90%) of
taxol, which was identical with an authentic sample in all

respects.

EXAMPLE 2

Preparation of N-debenzoyl-N-
tertbutoxycarbonyl-10-deacetyl Taxol (Taxotere)

2-tertbutoxy—4—pheny1-5-(l-ethoxyethoxy)—4,S—di-_
hydro-1,3-oxazin-6-one. To a solution of 409 mg (l.16
mmol) of N~tertbutoxycarbonyl-O-(l-ethoxyethyl)-3-phenyl-
isoserine (3) in 20 mL of THF was added 261'mg (2.33 mmol)
of solid potassium tert-butoxide and the mixture 'was
stirred at 25°C for 30 min. A solution of 134 mg (l.1l6
mmol) of methanesulfonyl chloride in 3.2 mL of THF was
added and the mixture was stirred at 25°C for 1.5 h. The
mixture was diluted with 80 mL of hexane and ethyl acetate
and this solution was extracted with 20 mL of saturated
aqueous sodium bicarbonate solution and 10 mL of brine.
The organic phase was dried over sodium sulfate and
concentrated to give 235 mg (70%) of 2-tertbutoxy-4-phenyl-
5-(l-ethoxyethoxy)-4,5- dzhydro ~1,3-0oxazin-6-0ne as a
colorless oil. '

N-debenzoyl-N-tertbotoxycarbonyl-10-deacetyl-Taxol
(Taxotere). To a solution of 7,10-bis-triethylsilyl
baccatin III (100 mg;, 0.124 mmol)) in 1 mL of THF at -45°C
was added dropwise 0.087 of a 1.63M solution of nBuli in
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hexane. After 1 h at -45°C, a solution of 88 mg (0.286
mmol) of (-)~-cis-2-tertbutoxy-4-phenyl-5-(l-ethoxyethoxy)-
4,5~dihydro-1,3-0xazin-6-one in 1 mL of THF was .added
dropwise to the mixture. The solution was warmed to 0°C
and kept at that temperature for 2 h before 1 mL of a 10%
solution of AcOH in THF was added. The mixture was
partitioned between saturated agqueous NaHCO3; and 60/40
ethyl acetate/hexane. Evaporation of the organic layer
gave a residue which was purified by flash chromatography
followed b&'recrystallization to give 120 mg (80%) of
(2'R,3'S)-N-debenzoyl-N-tertbutoxycarbonyl-2'-ethoxyethyl-7,
10-bis-treithylsilyl taxol. '

A 5 mg sample of (2'R,3'S)-N-~debenzoyl-N-tert-
butoxycarbonyl-2‘'-ethoxyethyl~7,10-bis-triethylsilyl taxol
was dissolved in 2 mL of ethanol and 0.5 mL of 0.5% agueous
HCl solution was added. The mixture was stirred at 0°C for
30 h and diluted with 50 mL of ethyl acetate. The solution
was extracted with 20 mL of saturated agueous sodium
bicarbonate solution, dried over sodium sulfateland
concentrated. The residue was purified by column
chromatography on silida'gel eluted with ethyl/hexane to
provide 3.8 mg (ca. 90%) of N-debenzoyl-N-tertbutoxy-
carbohyl-lo-deacetyl Taxol (Taxotere). All analytical and
spectral data were identical with that reported for
taxotere in U.S. Patent 4,814,470.

In view of the above, it will be seen that the
several objects of the invention are achieved.
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CLAIMS
1. A process for the preparation of a taxane

derivative characterized in that a metal oxide substituted
taxane having a bi-, tri or tetracylic nucleus is reacted
with an oxazinone wherein the oxazinone has the formula

RS\jTAD (2

N Ry

Ry, Ry

and

R; is -ORg;

Ry is hydrogen, alkyl, alkenyl, alkynyl, aryl, or
hetercaryl;

R3 and Ry are independently hydrogen, alkyl,
alkenyl, alkynyl, aryl, heterocaryl, or acyl, provxded
however, that Ry and Ry are not both acyl;

Rg is alkyl,- alkenyl,_alkynyl{ aryl, alkoxy,

aryloxy or heteroaryloxy; and
RS is hydrogen, alkyl, alkenyl, alkynyl, aryl,

hetercaryl, or hydroxy protecting group.

2. A process according to claim 1, wherein R, and

R4 are hydrogen or lower alkyl and Ry is aryl.

3. A process according to claim 1 or claim 2,
wherein the metal alkoxide has a tetracylic taxane nucleus.

4. A process according to any one of claims 1 to 3,
wherein the metal alkoxide is derived from an alcohol having

the formula:
This Sheet Has Been RTiII
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~wherein T; us a hydroxy protecting group, Z is -0T,, and T,
is acetyl or hydroxy protecting group.

5. "' A process according to any one of claims 1 to 4,
wherein the metal alkoxide is a metal alkoxide of 7- '

protected baccatin III.

6. A process according to claim 5, wherein the
metal alkoxide is a metal alkoxide of 7-O-triethylsilyl
baccatin III or a metal alkoxide at 7,10-bis-O-triethylsilyl
baccatin III or a metal alkoxide of 7-O-triethylsilyl-10-
deacetyl baccatin III or a metal alkoxide of 7-0-
triethylsilyl-10-{1-ethoxyethyl) baccatin III.

7. ‘ A process according to claim 1 or claim 2,
wherein the metal alkoxide has the formula:

wherein: .
Ry1g and Rjg are independently hydrogen, hydroxy,

lower alkanoyloxy, alkenoyloxy, alkynoyloxy, aryloyloxy or

Ryjs and Ryg together form an oxo;
Ry7 and Rjg are independently hydrogen or lower
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acetyl or}; group. 13, The process of c|aifm 19 vherein =
-Olferr™or -OCOCH err], T[err] I s a hydroxy

Rierr] igih
protectlng grﬁﬂp”ﬁﬁﬂ‘ﬁrls 4kl ected ngnnthe group conprising Li,

alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy or Rig
and R;g together form an oxo;

Rig and Ryp are independently hydrogen or
hydroxy or lower alkanoyloxy, alkenoyloxy, alkynoyloxy, or
aryloyloxy; '

Ry; and Ry5; are independently hydrogen or lower
alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy or Rjj;
and Ry, together form an oxo;

' Ry, is hydrogen or hydroxy or lower alkanoyloxy,
alkenoyloxy, alkynoyloxy, or aryloyloxy; or

Ry3 and Ry, together form an oxo or methylene or

Ry3 and Ry, together form an oxirane ring or

Ry3 and Rpy together form an oxetane ring;

Rys is hydrogen, hydroxy, or lower alkanoyloxy,
alkenoyloxy, alkynoyloxy, or aryloyloxy or

Ryg is hydrogen, hydroxy, or lower alkanoyloxy,
alkenoyloxy, alkynoyloxy, or aryloyloxy; or R,g and Rpg
taken together form an oxo; and

Ry7 is hydrogen, hydroxy or lower alkoxy,
alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy.

8. ' A process according to claim 7, wherein R;g is
hydrogen, R;g is -0T, or -OCOCH3, T, is a hydroxy
protecting group and M is selected from the group comprising
Li, Mg, Na, K and Ti. | |

9.. A process according to any one of claims 1 to 8,
wherein the metal oxide substituent is selected from the
group consisting of LiO-, MgO-, NaO-, KO-, and TiO-.

s Sheet Has Been Reﬂlaced
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SEMI~-SYNTHESIS OF TAXANE DERIVATIVES
USING METAL ALKOXIDES AND OXAZINONES

ABSTRACT OF THE DISCLOSURE

A process for preparing taxane derivatives such
as taxol by providing a metal alkoxide having the bi, tri-,
or tetracylic taxane nucleus, reacting the metal alkoxide
with an oxazinone to form an intermediate, and converting
the intermediate to the taxane derivative.
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action of the sodium salt of tert-butyl N-chlorocarbamate

on a product of general formula: -

o OCOOCH,Cl,

vy

)
OCOCH,

in which R' denotes an acetyl or 2,2,2-trichloroethoxy-
carbonyl radical, followed by the replacement of the
2,2,2-trichloroethoxycarbonyl group - . = by hydrogen.
It is reported by Denis et al. in U.S. Patent No.
4,924,011, however, that this process leads tb a mixture of -
isomers which has to be separated and, as a result, not all
the baccatin III or l0-deactylbaccatin III employed for the
preparation of the product of general formula (IV) can be .
converted to a product of general formula (III). ' '

In an effort to improve upon the Colin et al.
process, Denis et al. disclose a different process for
preparing derivatives of baccatin III1 or of 1l0-deactyl-
baccatin I1I of general formula

|
07 APR 1997 ) i
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What I claim is:
1A process for the preparation of a taxane derivative
comprising:

providing a metal alkoxide having the tetracyclic
taxane nucleus, the metal being a Group IA, [IA,
IITA, IVA, VA, VIA or transition metal and is
attached to the oxygen at the C-13 position of the -
nucleus,

reacting the metal alkoxide w1th an oxazinone to form
an intermediate, wherein the oxazinone has the

formula:
Y ?
i
. >(\l<Ill
- R2
Ry Ry -
wherein
R;is —ORg; :
R is hydrogen, alkyl, alkenyl, alkynyl, aryl, or
heteroaryl;

R3 and R4 are independently hydrogen, alkyl, alke-
nyl, alkynyl, aryl, heteroaryl, or acyl, provided,
however, that R3 and R4 are not both acyl;

Rs is alkyl, alkenyl, alkynyl, aryl, alkoxy, aryloxy
or heteroaryloxy; and

RS is a hydroxy protecting group; and

converting said intermediate to the taxane derivative
by removing the hydroxy protecting group.

2. The process of claim 1 wherein Rz and R4 are
hydrogen or lower alkyl, Ri is aryl, and R¢is a hydroxy
protecting group.

3. The process of claim 2 wherein R3 is phenyl and
Rg is 1-ethoxyethyl or 2,2,2-trichloroethoxymethyl.

4. The process of claim 1 wherein the metal alkoxide
is a metal alkoxide of 7-protected baccatin IIl.

5. The process of claim 4 wherein the metallic oxide
substituent is selected from the group of metal substitu-
ents cons:stmg of LiO—, MgO NaO—, KO- and
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6. The process of claim 1 wherein the metal alkoxide
is derived from an alcohol having the formula:

@

wherein Ty is a hydroxy protecting group, Z is —0T3,
and T3 is acetyl or hydroxy protecting group.

7. The process of claim 1 wherein the metal alkonde
has the following formula:

)

wherein:

Ris and Rj¢ are independently hydrogen, hydroxy,
lower alkanoyloxy, alkenoyloxy, alkynoyloxy,
aryloyloxy or Ris and Rj6 together form an oxo;

R17 and Rys are independently hydrogen or lower
alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloy-
loxy or Rj7and Ris together form an oxo;

R19 and Ryg are independently hydrogen or hydrqu
or lower alkanoyloxy, alkenoyloxy, alkynoyloxy, -
or aryloyloxy;

R21 and Ry, are independently hydrogen or lower
alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloy-
loxy or Raj and Ra2 together form an oxo;

R24 is hydrogen or hydroxy or lower alkanoyloxy,
alkenoyloxy, alkynoyloxy, or aryloyloxy; of
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R23 and Rj3 together form an oxetane ring;
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Ras is hydrogen, hydroxy, or lower alkanoyloxy,

alkenoyloxy, alkynoyloxy, or aryloyloxy or

Ra¢ is hydrogen, hydroxy, or lower alkanoyloxy,
alkenoyloxy, alkynoyloxy, or aryloyloxy; of Ras

and Rys taken together form an oxo; and

Ry7 is hydrogen, hydroxy or lower alkoxy, al-
kanoyloxy,-alkenoyloxy, alkynoyloxy, or aryloy- |

loxy.

8. The process of claim 7 wherein Ry is hydrogen,
Risis —OT3 or —OCOCH;, Tz is a hydroxy protecting

group and M is selected from the group comprising
Mg, Na, K and Ti.

Li,

'9. The process of claim 7 wherein R; and R4 are
hydrogen or loweralkyl, R3 is aryl, and Rgis a hydroxy

protecting group.

10. A process for the preparation of a taxane deriva-

tive comprising:

providing a metal alkoxide having the tetracyclic

taxane nucleus, the metal being a Group 1A, TIA,
IIIA, IVA, VA, VIA or transition metal and is
attached to the oxygen at the C-13 position of the

nucleus,

reacting the metal alkoxide with the oxazinone to

form an intermediate, wherein the oxazinone has

the formula:
Rs_ . O O
5
N
Rz
R4 R; .
wherein
Ry is —ORsg;

R; is hydrogen;

-

@
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R3and Ry are independently hydrogen, alkyl, alke-
nyl, alkynyl, aryl, heteroaryl, or acyl, provided,
however, that R3 and Ry are not both acyl;

Rsis alkyl, alkenyl, alkynyl, aryl, alkoxy, aryloxy
or heteroaryloxy; and

Réis a hydroxy protecting group; and

converting said intermediate to the taxane derivative
by removing the hydroxy protecting group.
11. The process of claim 10 wherein Rgis 1-ethox-
yethyl or 2,2,2-trichloroethoxymethyl.
12. The process of claim 10 wherein the metal alkox-
ide is derived from an alcohol having the formula:

@

wherein T is a hydroxy protecting group, Z is —OT3,
and T is acetyl or hydroxy protecting group.

13. The process of claim 10 wherein Ry¢is hydrogen,
Rjs5is —OT; or —OCOCH3, T2is a hydroxy pmtectmg
group and M is selected from the group comprising Li,
Mg, N3, K and Ti. .
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