
EP 0 428 376 B1 Description BACKGROUND OF THE INVENTION 5      Thepresent
invention isdirectedtoa noveloxazinone, aprocessfor itspreparation, and
aprocessforthepreparation of taxol involving the use of such oxazinone. 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-inhibifing activity, having the following structure:
10 Okc C0H53CONH  o                     0 15                         -
~~~~~~~~~~~~U 191 co H OHI   AC\0 -0 25 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 by the bark from several species of yew. However, taxol is found
only in minute quantities in the bark of these slow growing evergreens,
causing considerable concern that the limited supply of taxd 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
taxols. So far, the results have not been 9o  entirely satisfactory. One
synthetic route that has been proposed is directed to the synthesis of the
tetracyclic taxane nucleus from commodity chernicals. A synthesis of the
taxol congener taxusin has been reported by Holton, etal. 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. 35     An alternate 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 taOwl, 10-deacetyl baccatin IlIl which
has the structure shown below: OH C 40 Ho~llsll <( O  H 45
HO      H Ph-\'ACO 0 50 10-deacetyl baccatin Ill is more readily available
than taxol since it can be obtained from the leaves of Taxus bW&M According
to the method of Greene et al., 10-deacetyl baccatin iII is converted to
taxol by attachment of the C10 acetyl group and by attachment of the C13
p-amido ester side chain through the esterification of the C-13 alcohol
with a p- 5S  amido carboxylic acid unit. Although this approach requires
relatively few steps, the synthesis of the p-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 yield. However, this coupling reaction
is a key step which is required in MMry contemplated synthesis of taxol or
biologically active derivative of taxol, since it has been shown by Wani,
et al. in JACS a 2325 (1971) that the presence 



of the p-amido ester side chain at C13 is required for anti-tumor activity.
2    EP 0 428 376 BI A major difficulty remaining in the synthesis of taxo
and other potential anti-tumor agents is the lack of a readily available
unit which could be easily attached to the C13 oxygen to provide the
p-amido ester side chain. Development of such a unit and 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 C13 side chain. This need has been fulfilled 5   by the
discovery of a new, readily available, side chain precursor chemical unit
and an efficient process for its attachment at the C13 oxygen. SUMMARY OF
THE INVENTION 10     Among the objects of the present invention, therefore,
is the provision of a side chain precursor for the synthesis of taxis, and
the provision of a process for the attachment of the side chain precursor
in relatively high yield to provide a taxol intermediate. Briefly,
therefore, the present invention is directed to the use of a side chain
precursor, an oxazinone I of the formule 15
RI       0       0 ),R2 R6 R3 1 25 wherein R1 is CO-1 aryl, substituted
Coos aryl, heteroaryl, Cl-ir alkyl, C2..1r alkenyl, C2_15 alkynyl or OR7
wherein A7 is Cl-1S alkyl, C2-1S alkenyl, C2-15 alkynyl, Co-1s aryl or
heteroaryl; R2 and Rs are independently selectedfrom hydrogen, 30  C1-1g
alkyt, C2_15 alkenyl, C2.1S alkynyl, C01s aryl, substituted C0815 aryl,
heteroaryl, -and ORN wherein RN is C1-1S alky, C2_1- alkenyl, C2_1S
alkynyl, CO..r. aryl, heteroaryl, or hydroxyl protecting group; and R3 and
RN are independently selected from hydrogen, C0Iis alky, C2-is alkenyl,
C2..1S alkynyl, Co.1s aryl, substituted Cs..iS aryl, and heteroaryl.
Inthissapecification theterm "substituted COs-1 aryl" means 0jr aryl
substituted byat leastone substituent selected from alkanoxy hydroxy,
halogen, alkyl, aryl, alkenyl, acyl, acyloxy, nitro and amido. 35
Specifically, the present invention is directed to a process for the
preparation of a taxl intermediate comprising contacting an alcohol having
the taxane tetracyclic nucleus and a C-13 hydroxay group with an oxazinone
of formula 1 in the presence of a sufficient amount of an activating agent
to cause the oxazinone to react with the alcohol to form a p-amido ester
which may be used as an intermediate in the synthesis of taxol. The present
invention is also directed to a process for the preparation of taxol which
comprises contacting an alcohol 40  having the taxane tetracyclic nucleus
and a C-13 hydroxyl group with an oxazinone of formula 1 in the presence of
a sufficient amount of an activating agent to cause the oxazinone to react
with the alcohol to form a P-amido ester taxol intermediate. The
intermediate is then used in the synthesis of taxol. Other objects and
features of this inventon will be in part apparent and in part pointed out
hereinafter. 45 50 55 



3    EP 0 428 376 BI DETAILED DESCRIPTION The present invention is directed
to the use of an oxazinone 1 and its deritives, the structure of which is
depicted hereinbelow. 5 10                                  N~~~~~~~~~~~ 10
N          (R R6 R3 15 1 20 As noted above, RI is Cs-js aryl, substituted
C...15 aryl, heteroaryl, Cl_1s alkyl, C2.15 alkenyl, 102.15 alkynyl or OR7
wherein R7 is C-1_. alkyl, C2.15 alkenyl, C2015 alkynyl, Ce-% aryl or
heteroaryl; R2 and A5 are independently selected from hydrogen, Cl_16
alkyl, C2.16 alkenyl, C2_15 alkynyl, Cs-15 aryl, heteroaryl, and OR6
wherein B8 is C1i1-.r alkyl, C2.1s alkenyt, C2._.1S alkynyl, Ce-is aryl,
heteroaryl, or hydroxyl protecting group; and R3 and Ae are independently
selected 26  from hydrogen, Cl_1w alkyl, C2_1S. alkenyl, C2..1s alkynyl,
Ce-s aryl, substituted Ce..., aryl and heteroaryl. The invention also
relates to an oxazinone IA which has the structure so
R         0    0 N s6~~~~~~~~~~~~~~~ R38 IA 40 wherein R1, R3 and Rs are as
previously defined. Most preferably Rs is ethoxyethyl or
2,2,2-trichloroethoxymethyl. Thus, the structure of the most preferred
oxazinone in which RI and R3 are phenyl, RA is hydrogen and R2 is Re with
Re being 45 ethoxyethyl is shown below: Phf  P 50 Ph 55 2 4    EP 0 428 376
B1 According to IUPAC rules, the name of oxazinone 2 is 2,4-diphenyl-5-(1
-ethoxyethoxy)-4,5-dihydro-1 ,3-oxazin-6-one. In accordance with the
present invention, a process is provided for preparing taxol intermediates,
natural taxol and 



non-naturally occurring taxols having the following structural formula: 0~~
~        ~       ~~~ VU  t 15 3 20 wherein A and B are independently
hydrogen or lower alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy or
K4               A and B together form an oxo; L and D are independently
hydrogen or hydroxy or lower alkanoyloxy, alkenoyloxy, alkynoyloxy, or
aryloyloxy; 25       E and F are independently hydrogen or lower
alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy or; E and F together
form an oxo; G is hydrogen or hydroxy or lower alkanoyloxy, alkenoyloxy,
alkynoyloxy, or aryloyloxy or G and M together form an oxo or methylene or
G and M together form an oxirane ring or 30       M and F together form an
oxetane ring; J is hydrogen, hydroxy. or lower alkanoyloxy, alkenoyloxy,
alkynoyloxy, or aryloyloxy or I is hydrogen, hydroxyn or lower alkanoyloxy,
alkenoyloxy, alkynoyloxy, or aryloyloxy; or I and J taken together form an
oxo; and K is hydrogen, hydroxy or lower alkoxy, alkanoyloxy, alkenoyloxy,
alkynoyloxy, or aryloyloxy; and 35       P and Q are independently hydrogen
or lower alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy or P and Q
together form an oxo; and S and T are independently hydrogen or lower
alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy or S and T together
form an oxo; and U and V are independently hydrogen or lower alkyl,
alkenyl, alkynyl, aryl, or substituted aryl; and 40       W is aryl,
substituted aryl, lower alkyl, alkenyl, or alkynyl. The taxol alkyl groups,
either alone or with the various substituents defined hereinabove are
preferably lower alkyl Ks          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, tertbutyl, aryl, hexyl, and the like. The taxol alkenyl groups,
either alone or with the various substituents defined hereinabove are
preferably lower 45  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 lika The taxol 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, hexynyl, and the like. 50     Exemplary
alkanoyloxy include acetate, propionate, butyrate, valerate, isobutyrate
and the like. The more preferred alkanoyloxy is acetate. The taxol aryl
moieties, either alone or with various substituents contain from 6 to 10
carbon atoms and include phenyl, a-naphthyl and p-naphthyl. Substituents
include alkanoxy, hydroxy, halogen, alkyl, aryl, alkenyl, acyl, acyloxy,
nitro, amino. and amido. Phenyl is the more preferred aryl. 55     As
defined herein, the term "aryloyloxy" includes aromatic heterocyclic
moieties the term "aryl" includes any com- pound having an aromatic ring of
which no hetero atom is a member, and the term "heteroaryl" includes any
compound 



having an aromatic ring which comprises a hetero atom. 5    EP 0 428 376 B1
Preferred values of the substituents A, B. D, L, E, F, G. M, I, J. K, P. Q.
S. T. U, V, and W are enumerated below in Table I. 5
=     i *0  :D 10                                            0 0     Ix
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0         1. SO              0 n               M5 I           I        0p.
0         I         ItI   I I Es         *~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-
so ~ ~    ~ 30~~~~~~~~ 95~~~~~~~~~~~~A 0              a  Ug x * 40M U
U :    an         X       '  0         O       ' 5:at o
5    M s        M o 2      M =4   4 mu m           0 0    LIV        D    N
I    I    I I    NI I 40 '0   I 45                                  5
' M4M0                      N                       0 O            0      0
- O0    0 i SO~~~                ~~~   frbX O~   U4                   V~ O.
SE o *                                          S 0 



V                                            aO 50              01~~~~~~4
=00(a                                   014          I 0    n n   n
in     n 55                   XCW      a   M X       t~th W
Uo-  O4   >P  3I 6    EP 0 428 376 Bi Exemplary compounds within the
generic formula are depicted hereinbelow: OAc
OAc 0 ArO                 0           OPhO                  0 Ph
N~~>~~'~OIII~~hI      Ar ~TI~UOI~ H OH      \    O       H     A llN U~liHH
OH 10                          HO                              HO Ph  0
Phicc Ox                                 0 15 4
5 20                              OAc                                Cfc 0
Aro00    0                      OPhO                  0 I        OH
OH O 25  ~       HO6H                                O HO
H Ph                               PIh-K~ AcO o
0 30 6                                  7 35 Ac 'Ac C R0                  0
C R0 PA U. 01,11I   OH             11.11111H 40               I H OH
H OH HO  -HHO                               A0 45
0                                   0 8                                   9
50 55 7  



EP 0 428 376 B1 OAC                           OAc 5       0 Ar~~~~ 0
0 PhO0 Ph   r        -          OOR r    or                    OCOR 5h
l=                            11A H OH.                         H OH IO 0 ~
~     ~      ~ 40  HO                         o m   m 15
10                             11I Ph< c                        QhlAcO O0C
OO 20         0 ArO                                     -    P  0 R N'
'I~fN-OR RJ11AOillINN                           OCOR H OH
H OH 25                          H 60 056 12                             13
so OAc                           OAC R1N' ArNN   -                     h H
ON                          H OH 40             ~H
HO ph  Ac                        Ph-Ac 0                              0 45
14                             15 50 55    EP 0 428 376 BI OAc
OAC 5        0  ~RG       0                0RO                  0 Ph
11NkJ~O    onlflII  -      Ar 11N1A CtIII    - PhPh   c I!               H
OH 



H OH      H 10         HO                          ~~~~HO Ph jA~
~Ph-  Ac O                              0 15                         16
17 20                         OAc                            OAc 0
0Ph 0               0 26~~~~ /hN                   OCrl wRJ .1O Ph0 Ar 0
-OCOR 25          HO6H            H'                           OH Ph<
Ph    ACO 0                               0 30 19 35 OAC
OAc 0 ArO       -                 UN0 !ll P hCOR R11Nu1RlfhIIIU=01iO 40
= H6HH OH Ph'OACO                        Phil AcO 45
0                             .0 20                              21 50 55
EP 0 428 376 B1 OAC                           OAC 5       0 OArO0
0         o Ph o              0 R~NJ{O,,,11iH  l(Q 1111
" I 10                     HO                            O  i Pht
OCOR                          OCOR PhO                  .h-
OC 0                     ~~~~~~~0 15 22                             23 20
OAc                           OAC 0 RO0                   0    OR
0 Phi'Jir1Q 'oNuIw              Ar k"N0")1fl1flh 



I1            1%                 a H OH OCOR            Ph0           COR 0
~~~~~~~0 30 24                             25 OAc
OAc ArO         ~~ 0  PhO              -       0 PhA'YlOff -
Ar OLCOiR                 OCOR 40           HO HaO X           COR
Ph-\         OCOR 45                ~~~~~0 26
27 50 55 10    EP 0 428 376 Bi OAc                                    OAC 5
O                               O Arl0PhO                0
R11N~~~~~~&~~~'O'IIII"   - ~ ~ ~ ~ ~ ~ 1110 IN
~~~~~~~~~~H OH     /1 H OH 10 Ph--<             OCOR                 Ph
OCOR 0                                       o 15
28                                       29 20       In accordance with the
process of the present invention, oxazinones 1 are converted to P-amido
esters Sin the presence of an alcohol and an activating agent, preferably a
tertiary amine such as triethyl amine, dilsopropyl ethyl amine, pyridine,
N-methyl imidazole, and 4-dimethylaminopyridine (DMAP). For example,
oxazinones I react with com- pounds having the taxane tetracyclic nucleus
and a C1 3 hydroxyl group, in the presence of 4-dimethyl- aminopyridine
(DMAP), to provide substances having a P-amido ester group at C13. 25
Most preferably, the alcohol is 7-0-triethylsilyl baccatin Ill which can be
obtained as described by Greene, et al. in JACS 110. 5917 (1988) or by
other routes. As reported in Greene et al., 10-deacetyl baccatin IlIl is
converted to 7-0- triethylsilyl baccatin IlIl according to the following
reaction scheme: 30            ~~OH
OR CH3    !...10 3_ H                                                  OS
Ch i(C2H)3 HO                        1. (CZH,),9IC1,C,5HN .-H C
2. CHSCOCI. CHN          HDN 



H~~~~~~~~~~~H OCO~ HOCOCH3                                             OOH
OCoc OCOCH 40 30                                     31   a, R-H b, R-COCH3
45 Under what is reported to be carefully optimized conditions, 10-deacetyl
baccatin IlIl is reacted with 20 equivalents of (C2H5)3SiCI at 23C under an
argon atmosphere for 20 hours in the presence of 50 mL of pyridinelmmol of
1 0-deacetyl 5o  baccatin IlIl to provide 7-triethylsilyl-10-deacetyl
baccatin ll (31a) as a reaction product in 84-86% yield after purification.
The reaction product is then acetylated with 5 equivalents of CH3COI and 25
mL of pyridine/mmol of 31a at 0 C under an argon atmosphere for 48 hours to
provide 86% yield of 7-0-triethylsilyl baccatin II (31 b). Greene, et al.
in JACS 110. 5917 at 5918 (1988). As shown in the following reaction
scheme, 7-0-triethylsilyl baccatin IlIl 31 b may be reacted with an
oxazinone of S5  the present invention at room temperature to provide a
taxol intermediate in which the C-7 and C-2Y hydroxyl groups are protected
with triethylsilyl and ethoxyethyl protecting groups, respectively. These
groups are then hydrolyzed under mild conditions so as not to disturb the
ester linkage or the taxd substituents. The synthesis of taxol from
oxazinone 2 is    EP 0 428 376 BI carried out as follows: AC
AC 5                                     (1~~~hrO%~OC) DIC.or 2) ICI N~oo
POhtCO 10 15                  31b               2
TAXDL Although the present scheme is directed to the synthesis of the
natural product taxol, it can be used with modi- 2o  fications in either
the oxazinone or the tetracyclic alcohol, which can be derived from natural
or unnatural sources, to prepare other synthetic taxols contemplated within
the present invention. Alternatively, an oxazinone I may be converted to a
p-amido ester in the presence of an activating agent and an alcohol other
than 7-0-triethylsilyl baccatin IlIl to form a taxol intermediate.
Synthesis of taxol may then proceed using the taxol intermediate under an
appropriate reaction scheme. 25     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, tart-butyl,
amyl, hexyl, and the like. The oxazinone 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 15 carbon atoms. They may be straight 30  or branched chain and
include ethenyl, propenyl, isopropenyl, butenyl, isobutenyl, amyl, 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.
Exemplary oxazinone alkanoyloxy include acetate, propionate, butyrate,
valarate, isobutyrate and the like. The more 35  preferred alkanoyloxy is
acetate. The oxazinone aryl moieties described, either alone or with
various substituents contain from 6 to 15 carbon atoms and include phenyl,
a-naphthyl or p-naphthyl, etc. Substituents include alkanoxy, hydroxy,
halogen, alkyl, aryl, alkenyl, acyl, acyloxy, nitro, amino, amido, etc.
Phenyl is the more preferred aryl. As noted above, R2 and P5 of oxazinone 1
may be O~ts with Rs being alkyl, acyl, ketal, ethoxyethyl (EE), 2,2,2- 40
trichloroethoxymethyl, or other hydroxyl protecting group such as acetals
and ethers, i.e., methoxymethyl ('MOM"), ben- zyloxymethyl; esters, such as
acetates; carbonates, such as methyl carbonates; and the like. 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 con- ditions that are sufficiently mild so as not to
disturb the ester linkage or other substituents of the taxol intermediate.
45  However, R8 is preferably ethoxyethyl or 2,2,2-trichloroethoxymethyl,
and most preferably ethoxyethyl. 50 55 12    EP 0 428 376 B1 Preferred
values of the oxazinone substituents R1, R2, Rs, R5, R, R7, and Rs are
enumerated herein below: 5 ~ ~  ~    ~     ~ ~ 5               x n
aI 15                                  ,- 20~ ~~~~~~~~~ -~~~~~~~~~~W
e 20                                  ,-4       f-4 25
>1         Fw              @ l    0W   0 30
. H:        II                  v 15~~~~~~~~~~~~~~~~~~~~~ A.~~~~~ 0 40
Y:  X~~~~~~14 r-       -4              0-   co Lz 10    o 40
X~~~~~~4 H ~ ~~     ~~~~ rr b 20                  '-I        -4
~~~~~~~~~~~~~~~~~~~~~4)  W- 45 



0    0                   Y N    N    1    UN   a    n    N r-4      -4M 50
W4 Since the axazinone I has several asymmelric carbons, it is known to
those skilled in the art that the compounds 55 of the preserit invention
having asymrnetric carbon atoms may eadst in diastereomeric, racemnic, or
optically active formrs. All of these forms are contemplated within the
scope of this invention. More specifically, the present invention includes
enantiomners, diastereomners, racmemi mixtures, and other mixtures thereof.
1 3    EP 0 428 376 B1 The oxazinones 1 can be prepared from readily
available materials according to the following reaction scheme: RI
N~~~~~~~~~~~~~ot auRu R . . R.~~~~~~~~~~~~~~~C3%l    W3
2a,R 10                    Rs   as                                  Rc RX s
15                     32                       33                        1
2o  Carboxylic acid 33 nay alternatively be prepared according tothe method
described in Greene et al., JACS 110.5917 (1988). p-lactams 32 can be
prepared from readily available materials, as illustrated in the following
reaction scheme in which R1 and FA are phenyl, A5 and Rs are hydrogen and
R2 is ORg with Rs being ethoxyethyl: so~~~~~~~~~~~ AC 0 35 45 reagents: (a)
triethylamine, CH2CI2, 25C, 18h; (b) 4 equiv ceric ammonium nitrate, CH3CN,
-10 OC, 10 min; (c) KDH, THF, H20, 0 00, 30 min; (d) ethyl vinyl ether,
THF, toluene sulfnic add (cat.), 0 0C, 1.5h; (e) CHsU, ether, -78 "C, 10
min; benzoyl chloride, -78 C, 1 h. 50     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-methoxyanline to give 1-
p-methoxyphenyl-8-acylaxy-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 eqperienced in the art to provide 3-hydroxy-4- 55
arylazetidin-2-ones. The 3-hydroxyl group may be protected with a variety
of standard protecting groups such as the 1 -ethoxyethyl group. Preferably,
the racemic 3-hydroxy-4-arylazetidin-2-one is resolved into the pure
enantiomers prior to protection by recrys- tallization of the corresponding
2-methoxy-2-(trifluoromethyl) phenylacetic esters and only the
dextrorotatory enantiomer 14  



EP 0 428 376 BI is used in the preparation of taxol. In any event, the
3-(1-ethoxyethoxy)-4-phenylazetidin-2-one can be converted to I5- lactamn
32, by treatment with a base, preferably n-butyllithium, and an aroyl
chloride at -78 0C or below. The following examples illustrate the
invention. 5  EXAMPLE 1 PREPARATION OF
CIS-2,4-DIPHENYL-S-(1-ETHOXYETHOXY)-4,5-DIHYDRO-1,3-OXAZIN-6-ONE 2 cls-1
-p-methoxyphenyl-3-scetoxy-4-phenylazetidin-2-one. To a solution of 962 mg
(4.56 mmol) of the imine derived to  from benzaldehyde and p-methoxy
aniline, and 0.85 mL (6.07 mmol) of triethylamine in 15 mL of CH2C02 at
-200C was added dropwise a solution of 413 mg (3.04 mmol) of a-acetoxy
acetyl chloride in 15 mL of CH2C12. The reaction mixture was allowed to
warm to 25C over an 18 h period. The reaction mixture was then diluted with
100 mL of CH2C02 and the solution was extracted with 30 mL of 10% aqueous
HCI. The organic layer was washed with 30 mL of water and 30 mL of
saturated aqueous sodium bicarbonate, dried over sodium sulfate and
concentrated to provide a solid mass. The iS solid was triturated with 50
mL of hexane and the mixture was filtered. The remaining solid was
recrystallized from ethyl acetate/hexane to give 645 mg (68%) of
cis-1-p-methoxyphenyl-3-acetoxy-4-phenylazetidin-2-one as white crystals,
m.p. 1630C. ci-3-acetoxy-4-phenylazettdin-2-one. To a solution of 20.2 g of
cis-1 -p-methoxyphenyl-8-acetoxy-4-phenylazetidin- 2-one in 700 mL of
acetonitrile at -10C was slowly added a solution of ceric ammonium nitrate
in 450 mL of water over 2o  a 1 h period. The mixture was stirred for 30
min at -100C and diluted with 500 mL of ether. The aqueous layer was
extracted with two 100 mL portions of ether, and the corrbined organic
layer was washed with two 100 mL portions of water, two 100 mL portions of
saturated aqueous sodium bisulfite, two 100 mL portions of saturated
aqueous sodium bicarbonate and concentrated to give 18.5 g of a solid.
Recrystallization of the solid from acetone/hexane gave 12.3 g (92%) of
cis-3-acetoxy-4-phenylazetidin-2-one as white crystals, m.p. 152-154C. 25
cis-3-hydroxy-4-phenylazetldin-2-one. Toamixtureof 200 mLofTHFand 280 mLof
1 M aqueous potassium hydroxide solution at 0C was added a solution of 4.59
g (22.4 mmol) of cis-3-acetoxy-4-phenylazetidin-2-one in 265 mL of THF via
a dropping funnel over a 40 min period. The solution was stirred at 0C for
1 h and 100 mL of water and 100 mL of saturated sodium bicarbonate were
added. The mixture was extracted with four 200 mL portions of ethyl acetate
and the combined organic layers were dried over sodium sulfate and
concentrated to give 3.54 g (97%) of racemic cis-3- 3o
hydroxy-4-phenylazetidin-2-one as white crystals, m.p. 147-149C. This
material was resolved into its enantiomers by recrystallisation of its
2-methoxy-2-(trifluoromethyl)phenylacetic ester from hexanetacetone
followed by hydrolysis [a]25Hgl 77.
cIs-3-(1-ethoxyethoxy)4-phenylazetidin-2-one. To a solution of 3.41 g (20.9
mmol) of cis-3-hydroxy-4-phenylazetidin- 2-one in 15 mL of THF at 0C was
added 5 mL of ethyl vinyl ether and 20 mg (0.2 mmol) of methanesulfonic
acid. The 35  mixture was stirred at 0C for 20 min, diluted with 20 mL of
saturated aqueous sodium bicarbonate, and extracted with three 40 mL
portions of ethyl acetate The combined ethyl acetate layers wre dried over
sodium sulfate and concentrated to give 4.87 g (99%) of
cis-3-(1-ethoxyethoxy)-4-phenylazetidin-2-one as a colorless oil.
cls-1-benzoyl-3-(1-ethoxyethoxy)-4-phenylazetldln-2-one. To a solution of
2.35 g (10 mmol) of cis-3(1-ethox- yethoxy)-4-phenylazetidin-2-one in 40 mL
of THF at -78C was added 6.1 mL (10.07 mmol) of a 1.65 M solution of n- 40
butyllithium in hexane. The mixture was stirred for 10 min at -780C and a
solution of 1.42 g (10.1 mmol) of benzoyl chloride in 10 mLof THF was
added. The mixture was stirred at -78C for 1 hand diluted with 70 mL of
saturated aqueous 



sodium bicarbonate and extracted with three 50 mL portions of ethyl
acetate. The combined ethyl acetate extracts were dried over sodium sulfate
and concentrated to give 3.45 g of an oil. Chromatography of the oil on
silica gel eluted with ethyl acetate/hexane gave 3.22 g (99%) of
cis-1-benzoyl-8-(1-ethoxyethoxy)-4-phenylazetidin-2-one as a colorless oil.
45 2R,3S-N-benzoyl-O-(1-ethoxyethyl)-3-phenyllsoserlne. To a solution of
460 mg (1.36 mmol) of cis-1-benzoyl-3-(1-
ethoxyethoxy)-4-phenylazetidin-2-one in 20 mL of THF at 0%C was added 13.5
mL of a 1 M aqueous solution (13.5 mmol) of potassium hydroxide. The
mixture was stirred at 0%C for 10 min and the THF was evaporated. The
mixture was partitioned between 12 mL of a 1 N aqueous Hal solution and 30
mL of chloroform. The aqueous layer was extracted with two additional 30 mL
portions of chloroform. The combined chloroform extracts were dried over
sodium sulfate and so  concentrated to provide 416 mg (86%) of
2R,8-N-benzoyl-O-(1-ethoxyethyl)-3-phenylisoserine (formula 33 in which RI
and R3 are phenyl and R2 is ethoxyethyl). os-2,4-diphenyl-5-(1
-ethoxyethoxy)-4,5-dlhydro-1,3-oxazin-6-one 2. To a solution of 416 mg
(1.16 mmol) of 2R,3S- N-benzoyl-O-(1 -ethoxyethyl-3-phenylisoserine in 20
mL of THF was added 261 mg (2.33 mmol) of solid potassium tert- butoxide
and the mixture was stirred at 250C for 30 min. A solution of 134 mg (1.16
mmol) of methanesulfonyl chloride 6s  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 256 mg
(65%) of cis-2,4-diphenyl- 5-(1 -ethoxyethoxy)-4,5-dihydro-1,3-oxazin-6-one
2 as a colorless oil, [aPHg -220 (CHC%, c 1.55). 15    EP 0 428 376 B1
EXAMPLE2 PREPARATION OF TAXOL 5      To a small reaction vessel was added
77 mg (0.218 mmol) of (-)-cis-2,4-diphenyl-5-(1-ethoxyethoxy)-4,5-dihydro-
1 ,3-oxazin-6-one 2,40 mg (0.057 mmol) of 7-0-triethylsilyl baccatin lIl;
8S mg (0.057 mmol) of 4-dimethylaminopyridine (DMAP), and 0.029 mL of
pyrdine. The mixture was stirred at 250C for 12 h and diluted with 100 mL
of ethyl acetate. The ethyl acetate solution extracted with 20 mL of 10%
aqueous copper sulfate solution, dried over sodium sulfate and
concentrated. The residue was filtered through a plug of silica gel eluted
with ethyl acetate. Flash chromatography on to  silica gel eluted with
ethyl acetate/hexane followed by recrystallization from ethyl
acetateihexane gave 46 mg (77%) of 2'-O-(1-ethoxyel-7-O-triethylsilyl taxol
as a ca. 2:1 mixture of diastereomers and 9.3 mg (23%) of 7-0-triethylsilyl
baccatin Ill. The yield based on consumed 7-0-triethylsilyl baccatin Ill
was quantitative. A 5 mg sample of 2'-(1-ethoxyethyl)-7-O-triethylsilyI
taxol was dissolved in 2 mL of ethanol and 0.5 mL of 0.5% aqueous HCI
solution was added. The mixture was stirred at COC for 30 h and diluted
with 50 mL of ethyl acetate. The i5  solution was extracted with 20 mL of
saturated aqueous sodium bicarbonate solution, dried over sodium sulfate
and concentrated. The residue was purified by column chromatography on
silica gel eluted with ethyl acetate/hexane to provide 3.8 mg (ca. 90%) of
taxol, which was identical with an authentic sample in all respects.
EXAMPLEf3 20 PREPARATION OF N-DEBENZOYL-N-TERTBUTOXYCARBONYL TAXOL 25 



MCO -5                                                  0
2-tertbutoxy-4-phenyl-5(1-.thoxyethoxy).4,5.dlhydro-1 ,3-oxazln-6-one. To a
solution of 409 mg (1.16 mmoD of N- tertbutoxycarbonyi-O-(1
-ethoxyethyl)-3-phenylisoserine (3) in 20 ml of THF is added 281 mg (2.38
mmol) of solid potas- 40 sium trttbutoxide and the mixture is stirred at
250C for 30 mi. A solution of 134 mg (1.16 mmol) of methanesulfonyl
chloride in 3.2 mL of ThF is added and the mixture is stirred at 250C for
1.5 hour. The mixture is diluted with 80 ml of hexane an ethyl acetate and
this ssolution is extracted with 20 mL of saturated aqueous sodium
bicarbonate solution and 10 ml of brine. The organic phase is dried over
sodium sulfate and concentrated to give 235 mg (70%) of 2-tertbu-
toxy-4-phenyl-5-(1-ethoxyethoxy)-4.5-dih hdro-1,3-oxazin-6one ms a
colorless oll. 45  N-debenzoyl-N-tertbutoxyearboriyl taxol To a small
reacon vessel is added 73 mg (0.218 mmol) of 2-trtbutoxy-
phenyl-5-(1r-ethoxyethoxy)-4,5 dihydro-1,3oxazin-6 one, 40 mg (0.057 smol)
of 7-3-triethylsilyl baccatin Ilf, 6.9 mg (0.057 mmoi L of 4-dimethylamino
pyridine (DMAP), and 0.029 mL of pyridine. The mbture is stirred at 250C
for 12 hours and diluted with 100 mL of ethyl acetate. Thehlhctasolution is
extracted with 20 ml of 10% aqueous copper sulfate solution, dried over
sodium sulfate and concentrated. The residue is filtered through a plug of
silica gel eluted 50 with ethyl acetate. Flash chromatography on silica gel
eluted with ethyl acetate/hexane fllowed by recrystallization from ethyl
acetateihexane gives 44mg (78%) of
N-debenzoyl-N-tertbutoxycarbonyl-2i-(1-ethdxyethoxy)-7-O-triethylsilyl
taxol as a ca. 1:1 mixture of diasteromers and 9.3 mg (23%) of 7l
-0-triethylsilyl baccatin Ill . A 5 mg sample of
N-debenzoyl-N-tertbutoxycarbonyl-2'-(1-ethoxyethcoxy)-7-O-triethylsilyl
taxol is dissolved in 2 ml of ethanol and 0.5 mLoof 0.5% aqueous HI
solution is added. The mixture is stirred at 00C for 30 hours and diluted
with 55 50 mL of ethyl acetate. The solution is extracted with 20 ml of
saturated aqueous sodium bicarbonate solution, dried over sodium sulfate
and concentrated. The residue is purified by column chromatography on
silica gel eluted with ethyl acetate/hexane to provide 3.8 mg (a. 90%) of
N-debenzoyl-N-tertuxycarbonyl taxol 16    EP 0 428 376 B1 EXAMPLE 4
PREPARATION OF N-DEBENZOYL-N-TERTBUTOXYCARBONYL-2'(1
-ETHOXYETHYL)-3-PHENYL-TAXOL 5 ACO C~~uO~fN>3n            Ns~bBs
tB       U      O                  O 10      tB rt
----- --   iAs  ui       M t3UON~~,.MNgL>,    >C'~~OZE       C            O
15
M 0 2-tertbutoxy-4,4-dlphenyl-5-(1-ethoxyethoxy)-4,5-dlhydro-1
,3-oxazln-6-one. To a solution of 497 mg (1.16 mmol) of 20
N-tertbutoxycarbonyl-O-(1 -ethoxyethyl)-3,3-diphenylisoserine (3) in 20 mL
of THF is added 261 mg (2.33 mmol) of solid potassium tert-butaxide and the
mixture is stirred at 250C for 30 mni. A solution of 134 mg (1. 16 mmol) of
methanesulfonryl chloride in 3.2 mL of THF is added and the mixture is
stirred at 250C for 1.5 hour. The mixture is diluted with 80 mL of hexane
and ethyl acetate, and this solution is extracted with 20 mL of saturated
aqueous sodium bicarbonate solution 



and 10 mL of brine. The organic phase is dried over sodium sulfate and
concentrated to give 243 mg (59%) of 2-tertbu- 25  toxy-4,4-diphenyl-5-(1
-ethoxyethoxy)-4.5-dihydro-1,3-oxazin-6-one as a colorless ol.
N-debenzoyl-N-tertbutoxycarbonyl4'-phenyl taxol. To a small reaction vessel
is added 90 mg (0.218 mmol) of 2- tertbutoxy-4,4-diphenyl-5-(1
-ethoxyethoxy)-4,5-dihydro-1,3-oxazin-6-one, 40 mg (0.057 mmol) of
7-0-triethylsilyl bac- catin III, 6.9 mg (0.057 mmol) of 4-dimethylamino
pyridine (DMAP), and 0.029 mL of pyridine. The mixture is stirred at 25GC
for 12 hours and diluted with 100 mL of ethyl acetate. The ethyl acetate
solution is extracted with 20 mL of 10% 30  aqueous copper sulfate
solution, dried over sodium sulfate and concentrated. The residue is
filtered through a plug of silica gel eluted with ethyl acetate. Flash
chromatography on silica gel eluted with ethyl acetateihexane followed by
recrystallization from ethyl acetate/hexane gives 44 mg (66%) of
N-debenzoyl-N-tertbutoxyWcarbonyl-2'-(1 -ethoxyethyl)83-
phenyl-7-O-triethylsilyl taxol as a ca. 3:1 mixture of diastereomers. A 5
mg sample of N-debenzoyl-N-tertbutoxycarbonyl-2-(1
-ethoxyethyl3'-phenyl-7-O-triethylsilyl taxol is dissolved 35  in 2 mL of
ethanol and 0.5 mL of 0.5% aqueous HU solution is added. The mixture is
stirred at 00C for 30 hours and diluted with 50 mL of ethyl acetate. The
solution is extracted with 20 mL of saturated aqueous sodium bicarbonate
solution, dried over sodium sulfate and concentrated. The residue is
purified by column chromatography on silica gel eluted with ethyl
acetate/hexane to provide 4.0 mg (ca. 90%) of
N-debenzoyl-N-tertbutoxyWarbonyl-3'-phenyl taxol. 40  EXAMPLE 5 PREPARATION
OF 2,4-DIPHENYL-5-(1 -ETHOXYETHOXY)-5-METHYL-4,5-DIHYDRO-1,3-OXAZIN-6-ONE
45 AcO 50                 OZE              Xo H
H~~~~~~~~~~~~~~O 035i ~~~h 55
0 17    EP 0 428 376 BI To a solution of 430 mg (1.16 mmol) of
N-benzoyl-O-(1-ethoxyethyl)-2-methyl-3-phenylisoserine in 20 mL of THF is
added 261 mg (2.33 mmd) of solid potassium tert-butoxide and the mixture is
stirred at 25C for 30 min. A solution of 134 mg (1.16 mmol) of
methanesulfonyl chloride in 3.2 mL of THF is added and the mixture is
stirred at 25C for 1.5 hour. The mixture is diluted with 80 mL of hexane
and ethyl acetate and this solution is extracted with 20 mL of saturated 5
aqueous sodium bicarbonate solution and 10 mL of brine. The organic phase
is dried over sodium sulfate and is con- centrated togive270 mg (76%) of
2,4-diphenyl-5-(1-ethoxyethoxy)-5-methyl-4,5-dihydro-1,3-oxazin-6-oneasa
colorless oil. EXAMPLE 6 10 3'-METHYL TAXOL To a small reaction vessel is
added 77 mg (0.218 mmol) of 2,4-diphenyl-5-(1
-ethoxyethoxy)-5-methyl-4,5-dihydro- 1.3-oxazin-6-one, 40 mg (0.057 mmol)
of 7-0-triethylsilyl baccatin 1II, 6.9 mg (0.057 mmol) of 4-dimethylamino
pyridine 15  (DMAP), and 0.029 mL of pyridine. The mixture is stirred at
25C for 12 hours and diluted with 100 mL of ethyl acetate. 



The ethyl acetate solution is extracted with 20 mL of 10% aqueous copper
sulfate solution, dried over sodium sulfate and concentrated. The residue
is filtered through a plug of silica gel eluted with ethyl acetate. Flash
chromatography on silica gel eluted with ethyl acetate/hexane followed by
recrystallisation from ethyl acetate/hexane gives 32 mg (53%) of
2'-(1-ethoxy- ethyl-3'-methyl-7-O-triethylsilyl taxol as a ca. 1:1 mixture
of diastereomers. 20     A 5 mg sample of
2'-(1-ethoxyethy)-3'-methyl-7-O-triethylsilyl taxo is dissolved in 2 mL of
ethanol and 0.5 mL of 0.5% aqueous HQ solution is added. The mixture is
stirred at 0C for 30 hours and diluted with 50 mL of ethyl acetate. The
solution is extracted with 20 mL of saturated aqueous sodium bicarbonate
solution, dried over sodium sulfate and concentrated. The residue is
purified by column chromatography on silica gel eluted with ethyl
acetate/hexane to provide 3.9 mg (ca. 90%) of 3'-methyl taxol. 25     In
view of the above, it will be seen that the several objects of the
invention are achieved. As various changes could be made in the above
compositions and processes without departing from the scope of the
invention, it is intended that all matter contained in the above
description be interpreted as illustrative and not in a limiting sense. 3o
Claims 1. An oxazinone of the formula: 35
RI             00 40                                         N
OR8 45                                               R3 wherein R1 is Ce_15
aryl, substituted Cj15 aryl, heteroaryl, Ci_5s alkyl, C215 alkenyl, C2_15
alkynyl, or OR7 wherein R7 is C-1_. alkyl, C2_15 alkenyl, C2..15 alkynyl,
Ca-16 aryl or heteroaryl; Rs is ethoxyethyl, 2,2,2-trichloroethoxymethyl 50
or other hydroxyl protecting group; and R3 is hydrogen, Cl-15 alkyl, C2_15
alkenyl, C2.15 alkynyl, C6-15 aryl, substi- tuted C-.15 aryl, and
heteroaryl; and wherein substituted C-r1 aryl means Ca-15 aryl substituted
by at least one substituent selected from alkanoxy, hydroxy, halogen,
alkyl, aryl, alkenyl, acyl, acyloxy, nitro, and amido. 2. An oxazinone
according to claim 1, wherein the hydroxyl protecting group is selected
from the group consisting of 55     acetals, ethers, esters, and
carbonates. 3. An oxazinone according to claim 1 or claim 2, wherein RI is
aryl; Rs is ethoxyethyl, or 2,2.2-trichloroethoxymethyl; and R3 is C6-15
aryl.    EP 0 428 376 Bi        I I!IlII IHIl IIIJI 11  I!II To a solution
of 430 mg (1.16 mmol) of
N-benzoyl-O-(I1-ethoxyethyl)-2-methyl-3-phenylisoserine in 20 mL of THF is
added 261 mg (2.33 mmd) of solid potassium tert-butoxide and the mixture is
stirred at 25C for 30 min. A solution of 134 mg (1.16 mmd) of
methanesulfonyl chloride in 3.2 mL of THF is added and the mixture is
stirred at 250C for 1.5 hour. The mixture is diluted wit 80 mL of hexane
and ethyl acetate and this solution is extracted with 20 mLof saturated 5
aqueous sodium bicarbonate solution and 10 mL of brine. The organic phase
is dried over sodium sulfate and is con- centrated to give 270mg (76%) of
2,4diphenyl-5-(1-ethoxyethoxy)-5-methyl-4,5-dihydro-1,3-oxazin-6-one asa
colorless oil. EXAMPLE6 10 3'-METHYL TAXOL 



To a small reaction vessel is added 77 mg (0.218 mmol) of
2,4-diphenyl-5-(1-ethoxyethoxy)-5-methyl-4,5-dihydro- 1,3-oxazin-6-one, 40
mg (0.057 mmol) of 7-0-triethylsilyl baccatin IlIl, 6.9 mg (0.057 mmol) of
4-dimethylamino pyridine is  (DMAP), and 0.029 mL of pyridine. The mixture
is stirred at 250C for 12 hours and diluted with 100 mL of ethyl acetate.
The ethyl acetate solution is extracted with 20 mL of 10% aqueous copper
sulfate solution, dried over sodium sulfate and concentrated. The residue
is filtered through a plug of silica gel eluted with ethyl acetate. Flash
chromatography on silica gel eluted with ethyl acetate/hexane followed by
recrystallisation from ethyl acetateihexane gives 32 mg (53%) of 2'-(1
-ethoxy- ethyl)-T-methyl-7-O-triethylsilyl taxol as a ca. 1:1 mixture of
diastereomers, 20     A 5 mg sample of
2'-(1-ethoxyethyl)-T-methyl-7-O-triethylsilyl taxo! is dissolved in 2 mL of
ethanol and 0.5 mL of 0.5% aqueous HCI solution is added. The mixture is
stirred at 00C for 30 hours and diluted with 50 mL of ethyl acetate. The
solution is extracted with 20 mL of saturated aqueous sodium bicarbonate
solution, dried over sodium sulfate and concentrated. The residue is
purified by column chromatography on silica gel eluted with ethyl
acetatelhexane to provide 3.9 mg (ca. 90%) of 3'-methyl taxol. 26     In
view of the above, it will be seen that the several objects of the
invention are achieved. As various changes could be made in the above
compositions and processes without departing from the scope of the
invention, it is intended that all matter contained in the above
description be interpreted as illustrative and not in a limiting sense. 30
Claims 1. An oxazinone of the formula: 36                                RI
0            0 46                                  <3~~~~~~~ 40
N3 -       ~OR8 wherein RI is Ce-1s aryl, substituted C-15 aryl,
heteroaryl, Cii15 alkyl, C2..r1 alkenyl, C2_1s alkynyl, or OR7 wherein R7
is C1r15 alkyl, C2.15 alkenyl, C2O15 alkynyl, Ce..ie aryl or heteroaryl; RA
is ethoxyethyl, 2,2,2-trichloroethoxymethyl 60     or other hydroxyl
protecting group; and R3 is hydrogen, CI..15 alkyl, C2-15 alkenyl, C2-16
alkynyl, Cg-15 aryl, substi- tuted Cei5 aryl, and heteroaryl; and wherein
substituted C0.15 aryl means Cs1 aryl substituted by at least one
substituent selected from alkanoxy, hydroxy, halogen, alkyl, aryl, alkenyl,
acyl, acyloxy, nitro, and amido. 2. An oxazinone according to claim 1,
wherein the hydroxyl protecting group is selected from the group consisting
of 55     acetals, ethers, esters, and carbonates. 3. An oxazinone
according to claim 1 or claim 2, wherein RI is aryl; Re is ethoxyethyl, or
2,2,2-trichloroethoxymethyl; and R3 is Cs-IF aryl. 18    EP 0 428 376 B1I
I11    11 iii II ! 4. An oxazinone according to any one of claims 1 to 3,
wherein R1 and R3 are phenyl. *    c    L 5. The enantiomers and
diastereomers of an oxazinone according to any one of claims 1 to 4. 5 6. A
process or the preparation of a taxol intermediate comprising contacting an
alcohol having the taxane tetracyclic nucleus and a C-13 hydrbxyl group
with an oxazinone having the formula: R. x0 i 0 



10                                             4Z  R2 /\5 R6 R3 15 wherein
R1 and R3 are as defined in claim 1; R2 and A are independently selected
from hydrogen, CI15 alkyl, C2-1S alkenyl, C2.r1 alkynyl, Ce-1s aryl,
substituted Ce_1i aryl, heteroaryl, and OR8 wherein RN is Cl-16 alkyl, C215
alkenyl, C2_1s alkynyl, C0-15 aryl, heteroaryl, or hydroxyl protecting
group; and R8 is hydrogen, C1is alkyl, C2-15 20     alkenyl, C2.15 alkynyl,
CO-1 aryl, substituted C0s15 aryl, or heteroaryl; and wherein substituted
Co-if aryl has the same meaning as in claim 1; the contacting of said
alcohol and oxazinone being carried out in the presence of a sufficient
amount of an activating agent to cause the oxazinone to react with the
alcohol to form a taxol derivative having a 0-13 p-amido ester group which
is suitable for use as an intermediate in the synthesis of taxol. 25 7. A
process for the preparation of a taxol having the formula: H TB X~~~~~~~~I
0o e wherein 40           A and B are independently hydrogen or lower
alkanoyloxy, alkenoyloxyn alkynoyloxy, or aryloyloxy or A and B together
form an oxo; L and D are independently hydrogen or hydroxy or lower
alkanoyloxy, alkenoyloxy. alkynoyloxy, or aryloyloxy; E and F are
independently hydrogen or lower alkanoyloxy. alkenoyloxy. alkynoyloxy, or
aryloyloxy or; E and F together form an oxo; 45           G is hydrogen or
hydroxy or lower alkanoyloxy, alkenoylaxy, alkynoyloxy, or aryloyloxy or G
and M together form an oxo or methylene or G and M together form an oxirane
or M and F together form an oxetane; J is hydrogen, hydroxyn or lower
alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy or 50           I is
hydrogen, hydroxy, or lower alkanoyloxy, alkencyloxy, alkynoyloxy, or
aryloyloxy; or I and J taken together form an oxo; and K is hydrogen,
hydroxy or lower alkoxy, alkanoyloxy, alkenoyloxy, alkynoyloxys or
aryloyloxy; and P and 0 are independently hydrogen or lower alkanoyloxys
alkenoyloxy. alkynoyloxy, or aryloyloxy or P and 0 together form an oxo;
and 55           S and T are independently hydrogen or lower alkanoyloxy.
alkenoyloxy% alkynoyloxy, or aryloyloxy or S and T together form an oxo;
and U and V are independently hydrogen or lower alkyl, alkenyl, alkynyl,
aryl, or substituted aryl; and W is aryl, substituted aryl, lower alkyl,
alkenyl, or alkynyl, and wherein the alkyl groups contain 1 to 10 carbon
atoms, the alkynyl groups contain 2 to 10 carbon atoms, the 19    



EP 0 428 376 B1             !Ic   L   M 1       ! alkynyl groups contain 2
to 10 carbon atoms, and the aryl groups contain 6 to 15 carbon atoms,
comprising: contacting an oxazinone of the formula: R,   0   0 10
N               Rs R6 R3 15 wherein RI and R3 are as defined in claim 1;
and R2, RA and Re are as defined in claim 6; with an alcohol of the
formula: 20 HOflI1fl6   9, 25a 130M F 30 wherein said A, B. D, E, F. G. I,
J. K, L M, P and Q are as defined above, the contacting of said oxazinone
and said alcohol being carried out in the presence of a sufficient amount
of an activating agent to cause the oxazinone to react with the alcohol to
form a p-amido ester which is suitable for use as an intermediate in the
synthesis of taxol, 35     and converting said intermediate to taxol. 8. A
process according to claim 6 or claim 7, wherein R1 is CeB-..i aryl, R2 is
ORs with Rs being ethoxyethyl or 2,2,2- trichloroethoxymethyl, and R3 is
CB-j5 aryl. 40 9. A process according to any one of claims 6 to 8% wherein
R1 and R3 are phenyl, RP and R8 are hydrogen, and R2 is OR8 with A5 being a
hydroxyl protecting group. 10. A process for the preparation of taxol which
comprises contacting an alcohol having the taxane tetracyclic nucleus and a
C-13 hydroxyl group with an oxazinone according to any one of claims 1 to
5, 45          the contacting of said alcohol and oxazinone being carried
out in the presence of a sufficient amount of an activating agent to cause
the oxazinone to react with the alcohol to form a p-amido ester which is
suitable for use as an intermediate in the synthesis of taxol, and
converting said intermediate to taxol. 11. A process according to any one
of claims 6 to 10, wherein the hydroxyl protecting group is selected from
acetals, 50     ethers, esters, and carbonates. 55 20    EP 0428376 BI
* III        1  1 ! 12. A process according to any one of claims 6 to 11,
wherein the alcohol has the foiiuia: AcO a 5 6~~ ~~~~~  OR4 HONIUII 



10                                            PhCOO AcO 15     wherein R4
is a hydroxyl protecting group. 13. A process according to claim 12,
wherein R4 is selected from ethers, .esters, carbonates and silyl groups.
14. A process according to any one of claims 6 to 13, wherein the
activating agent is a tertiary amine. 20 15. A process according to claim
14, wherein the activating agent is triethyl amine, diisopropyl ethyl
amine, pyridine, N- methyl imidazole, or 4-dimethylaminopyridine.
Patentansprflche 25 1. Oxazinon der Formel: 30
R1              0             Q 26 36
N   3                O   8 40
3 worin RI C6..15-Aryl, substituiertes CB16-Aryl, Heteroaryl, C1.15-Aikyl,
C2_1i-Alkenyl, C2..r5-Alldnyl oder OR7 ist, wobei R7 C115r-Alkyl,
C2%ir-Alkenyl, C2_16-Alldnyl, COr-Aryl oder Heteroaryl ist, Re Ethoxyethyl,
2,2,2-Trichlore- 46     thoxymethyl oder eine andere Hydmxyl-Schutzgruppe
ist; und R3 Wasserstoff, C1i1s-Alkyl, C2%.1-Alkenyl C2-15- Alidnyl,
Ce-15-Aryl, substituiertes C0.15-Aryl und Heteroaryl ist, wobei
substituiertes CG.15-Aryl ein C%15-Aryl bedeutet, das mitwenigstens einem
Substituenten substituiert ist, der unter Alkanoxy, Hydroxy, Halogen, Alky,
Aryl, Alkenyl, Acyl, Acyloxy, Nitro und Amido ausgewahlt ist. 5o  2.
Oxazinon nach Anspruch 1, bei dem die Hydroxyl-Schutzgruppe aus der Gruppe
ausgewAhkt ist, die aus Acetalen, Ethern, Estern und Carbonaten besteht. 3.
Oxazinon nach Anspruch 1 oder Anspruch 2, bei dem R1 Aryl ist, Re
Ethoxyethyl oder 2,2,2-Trichlorethoxymethyl ist und R3 Cei6-Aryl ist. 55 4.
Oxazinon nach einem der AnsprOche 1 bis 3, bei dem RA und A3 Phenyl sind.
5. Die Enantiomeren und Diastereomeren eines Oxazinons nach einem der
Ansproche 1 bis 4. 21    i   *                             * ~~~~~~~~~~~~iC
L  M  S * 6. Verfahren zur HerstellungeinesTaxol-Zwischenprodukts, bei dem
man einen Alkohol mtdem tetrazyklischenTaxan- Kern und einer Hydroxyigruppe
an C-13 mit einem Oxazinon der Formel: RY 0  0 N          R2 R5 10
RR R6      3 15    in Berfhrung bringt, in der R1 und R3 wie in Anspruch 1
definiert sind; R2 und RG unabhangig voneinander unter 



Wasserstoff, C0115-Alkyl, C2.15-Alkenyl. C2..15-Alkinyl, CO-15-Aryl,
substituiertem Co-.16-Aryl, Heteroaryl und ORO ausgewahit sind, wobei
R8.C1l-1r-Akyl, C2.16-Alkenyl. C216-Alkinyl, Cs.15-Aryl, Heteroaryl oder
eine Hydroxyl- Schutzgruppe ist, und Re Wasserstoff, C1.15-Alkyl,
C2.15-Alkonyl, C2.15-Alkdnyl, COs-1-Aryl, substituiertes C.15- Aryl oder
Heteroaryl bedeutet und wobel substituiertes CO-15-Aryl die gleiche
Bedeutung wie in Anspruch I hat, 20           wobei die Berohrung des
Alkohols mit dem Oxazinon in Gegenwart elner genogenden Menge eines
Aktivierungsmittels durchgef~hrtwird, um die Umsetzung des Oxazinons mitdem
Alkohol unter Bildung einesTaxol- Derivates mit siner f-Amidoester-Gruppe
an C-13 zu veranlassen, das als Zwischenprodukt bei der Taxolsynthese K'
geeignet ist. 26  7. Verfahren zur Herstellung sines Taxols mit der Formel:
30   ~~~~~~~~0               V                                L H TS 35
VI  I* worin 40           A und B unabhangig voneinander Wasserstoff oder
niederes Alkanoyloxid, Alkenoyloxid, Alkinoyloxid oder Aryloybx~dd sind
odor K>                A und B zusammen Oxo bilden; L und D unabhangig
voneinander Wasserstoff oder Hydroxy oder niederes Alkanoyboxy, Alkenoylty
ANk- noyloxy oder Aryloyloxy sind; 45           E und F unabhdngig
voneinander Wasserstoff oder niederes Alkanoyloxy, Alkenoyloxy, AIinyloxy
odor Ary- loyloxy sind oder E und F zusammen Oxo bilden; G Wasserstoff oder
Hydroxy odor niederes AlkanoyoKy, Alkenoyboxy, Alkinoyloxy oder Aryloyloxy
ist oder G und M zusammen Oxo odor Methylen biden oder s0           G und M
zusammen ein Oxiran bilden odor M und F zusammen ein Oxetan bilden; J
Wasserstoff, Hydroxy oder niederes Alkanoybxy, Alkenoybxy, Alidnoyloxy oder
Aryloyboxy lst oder I Wasserstoff, Hydroxy oder niederes Alkanoyhxy,
Alkenoyloxy, Alkinoyloxy odor Aryloyloxy ist; odor I und J zusammen Oxo
bilden; und 5S           K Wasserstoff, Hydroxy oder niederes Alkxy,
Alkanoyloxy, Alkenoxdoxy, Alinoylcxy oder Aryloyloxy lst; und P und 0
unabhAngig voneinander Wasserstoff odor niederes Alkanoyloxy, Alkonoybxy,
Alidncyloxy odor Ary- loybxy sind odor P und Q zusammen Oxo biden; und S
und T unabhangig voneinander Wasserstoff oder niederes Alkanoyloxy,
Alkenoyloxy, Alidnoyloxy oder Ary- 22    EP 0 428 376 B1        I 1IIII
BI1J 111,1 11111 II 11)1 s, C  L   I   S   * loyloxy sind oder S und T.
zusammen Oxo bilden; und 



U und V unabhingig voneinander Wasserstoff oder niederes Alkyl, Alkenyl,
Alkinyl, Aryl oder substituiertes Aryl sind; und 5            W Aryl,
substituiertes Aryl, niederes Alkyl, Alkenyl oder Alkinyl ist, und worin
die Alkylgruppen 1 bis 10 Kohlanstoffatome, die Alkenyl-Gruppen 2 bis 10
Kohlenstoffatome, die AlIdnyl-Gruppen 2 bis 10 Kohlenstoffatome und die
Aryl-Gruppen 6 bis 15 Kohlenstoffatome enthalten, bei dem man ein Oxazinon
der Formel: 10 RI   0    0 15                                         N R6
R3 20 worin RI und Rs wie in Anspruch 1 definiert sind und R2, R3 und Rs
wie in Anspruch 6 definiert sind, mit einem Alkohol der Formel: 25
QP 30                                                     o 35 in Kontakt
bringt, worin A, B, D, E, F, G. I, J. K L,. M, P und 0 die oben definierte
Bedeutung haben, wobei die Berahrung des Oxazinons mit dem Alkohol in
Gegenwart einer ausreichenden Menge eines Aktivierungsmittels folgt, um die
Umsetzung des Oxazinons mit dem Alkohol unter Bildung eines p-Amidoesters
zu veranlassen, der 40     sich zur Verwendung als Zwischenprodukt in der
Taxol-Synthase eignet, und das genannte Zwischonprodukt zu Taxol umsetzt.
B. Verfahren nach Anspruch 6 oder Anspruch 7, bei dem RI Cs-1.-Aryl ist R2
die Bedeutung von ORN hat, wobei As Ethoxyethyl odor
2,2,2-Trichlorethoxymethyl let, und A3 die Bedeutung von Cs r.-Aryl hat. 45
9. Verfahren nach einem der Ansprfche 6 bis 8, bei dem RA und A3 Phenyl
sind, RA und RA Wasserstoff sind und R2 die Bedeutung von ORs hat, wobel 8
sine Hydroxyl-Schutzgruppe ist. 10. Verfahren zur Herstellung von Taxol,
bei dem man einen Alkohol mit dem tetrazykiischen Taxan-Kem und einer 50
Hydroxylgruppe an C-13 mit einem Oxazinon nach einemn der Ansproche 1 bis 5
in Kontakt bringt wobei die Kontakierung des genannten Alkohols und
Oxazinons in Gegenwart einer ausreichenden Menge eines Aktivierungsmittels
erfolgt um die Umsetzung des Oxazinons mit dem Alkohol unter Bildung eines
p-Ami- doesters zu veranlassen, der zur Verwendung als Zwischenprodukt bei
der Taxol-Synthese geeignet ist, und das genannte Zwischenprodukt zu Taxol
umsetzt. 55 11. Verfahren nach einem der AnsprOche 6 bis 10, bei dem man
die Hydraoyl-Schutzgruppe unter Acetalen, Ethern, Estern und Carbonaten
auswAhlt. 23    EP 0 428 376 B1 12. Verfahren nach einem der AnsprOche 6
bis 11, bei dem der Alkohol die Formel:   f !     1111111111111111111111 



*C      L* ACO 5 5                               OR~~~~~~~~~~~R
10~~~~~~~~~~ 10                                          HOE PhCOO AcO 15
hat, worin R4 eine Hydroxyl-Schutzgruppe ist. 13. Verfahren nach Anspruch
12, bei dem R4 unter Ethern, Estern, Carbonaten und Silylgruppen ausgewahlt
ist. 14. Verfahren nach sinem der Ansprache 6 bis 13, bei dem das
Aktiviorungsmittel sin tertiares Amin ist. 20 15. Verfahren nach Anspruch
14, bei dem das Ahtivierungsmittel Triethylamin, Diisopropylethylamin,
Pyridin, N-Meth- ylimidazol oder 4-Dimethylaminopyridin ist. Revendlcatbons
25 1. Oxazinone de formule: Ri         o0 890 35
N 40                                             R3 dans laquelle RA est un
groups aryle en CO-1s, un groups aryle substitu6 on Cs-is, un groups
heteroaryle, un groups alkyle en C1-15., un groups alcenyle en C2.1l, un
groups alcynyle on C2.1s ou OR7, dans lequel R7 est un groups 45     alkyle
en Cl-15. un groups alcenyle en C2.15, un groups alcynyle en C2.15, un
groups aryle en C0-1s ou un groupe heteroaryle; A5 set un groups
6thoxydthyle, 2,2,2-trichloro6thoxymethyle ou une autre groups prot6geant
la fonction hydroxy; et R3 set un atome d'hydrogene, un groups alkyle en
Cl-15. un groups alcenyle en C1s., un groups alcynyle en C2i15, un groups
aryle on Ce15, un groups aryle substitu6 en Cs-is ou un groups heteroaryle;
ob un groups aryle substitu6 en Cs-15 signifie un groups aryle en C0-15
substitu6 par au moins un substituant choisi parmi 60    les groupes
alcanoxy, hydroxy, atome d'halogene, groupes alkyle, aryle, alcinyle,
acyle, acyloxy, nitro et amnido. 2. Oxazinone suivant la revendication 1,
dans laquelle le groups protegeant la fonction hydroxy est choisi dans le
groups consistant en ac6tals, ethers, ester6 et carbonates. 55  3.
Oxazinone suivant les revendications 1 ou 2, dans laquelle RI set un groups
aryle, Rs est un groups effoxy6thyle ou 2,2,2-trichloroethoxym6thyle et R3
set un groups aryle en Cs-15i 4. Oxazinone suivant les revendications 1 &
3, dans laquelle RI et R3 sont un groups ph6nyle. 24    EP 0 428 376 Bi
I I!III  Ll III DIlI II lIII .   .           .                       *
~~~~~~~~~~~~~~~~C   L   M   S* 5. Enantiomeres et diast6r6oisomeres d'une
oxazinone suivant les revendications 1 A 4. 



6. Proced6 pour la preparation d'un intermediaire de taxol comprenant la
mise en contact d'un alcool ayant le noyau tetracyclique du taxane et un
groupe hydroxy en C13 avec une oxazinone ayant la formule: 6 R    0   0 10
RN 10                                 ~~~~~~~~~~~~~N >     R s R6 R3 15
dans laquelle R1 et R3 sont tels que dfinis danes la revendication 1; R2 et
R5 sont ind6pendamment choisis parmi un atoms d'hydrogene, un groupo alkyle
en C05jr, un groups alc6nyle en C2.15, un groupo alcynyle en C2l5, un
groupo aryle en CZ-15, un groups aryle substitu6 on C. 15, On groupo
h6t6roaryle et OR8, dans lequel Rs est un 20     groupo alkyls en C1.15, un
groupo alc6nyle en C2.15, un groupo alcynyle en C2_16, un groupo aryle en
CB_15, un groupo het6roaryle ou un groupo prot6geant la fonction hydroxy;
et Rs est un atomo dhydrogene. un groups alkyle en CI1 1, un groups
alc6nyle en C2_5,, un groups alcynyle en C2.15, un groupo aryle en CB_15,
un groupo aryle substitue en CB_1S ou un groupo h6teroaryle; et ob un
groupo aryle substitue en CB_15 est tel que dMfini dans la revendication 1;
la miso en contact de cot alcool et de cotte oxazinone 6tant conduite en
presence d'une quanlit6 25     suffisante d'un agent d'activation pour
provoquer la r6action de l'oxazinone avec lalcool afin de former un deriv6
du taxol ayant un groupo P-amido ester en C13 qui Bst utilisable oomme
interm6diaire dans la synthese de taxol. 7. ProcWd6 pour la preparation
d'un taxol ayant la formule: 30
I dane laquelle: A et B   sont independamment un atoms d'hydrogens ou un
groups alcanoyloxy, alcenoyloxy, alcynoyloxy inferieur ou un groups
aryloyloxy, ou 45     A et B   formont onsemle un groups oxo; L et D   sont
independamment un atoms d'hydrogene ou un groupe hydroxy ou un groupo
alcanoyloxy, alcenoy- loxy, alcynoyloxy inferieur ou un groups aryloyloxy,
E et F   sont independamment un atoms d'hydrogene ou un groups alcanoyloxy,
alcenoyloxy, alcynoyloxy inf6rieur ou un groups aryloyloxy, ou 50     E et
F   torment ensemble un groups oxo; G       est  un atoms  d'hydrogene ou
un groupe hydroxy ou un groups alcanoyloxy alcenoyloxy, alcynoyloxy
inferieur ou un groups aryloyloxy ou G et M   formont ensemble un groups
oxo ou methylene, ou G et M    orment ensemble un groups oDlirane, ou 50
M et F   torment ensemble un groups oxDtane; J       est un atome
dhydrogene ou un groups hydroxy, ou un groups alcanoyloxy, alc6noyloxy,
alcynoyloxy inf6rieur ou un groups aryloyloxy, ou I       est un atoms
d'hydrogene ou un groups hydroxy ou un groups alcanoyloxy, alcenoyloxy,
alcynoyloxy inferieur ou un groups aryloyloxy, ou 25   
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i MII ill 111 Il I et J    forment ensenble un groups oxo; et K       est
un atoms d'hydrogene ou un groups hydroxy ou un groups alcanoyloxy,
alcenoyloxy, alcynoyloxy inf6rieur ou un groups aryloyloxy; et P et Q
sont independamment un atoms d'hydrogone ou un groupe alcanoyloxy,
alc6noyloxy, alcynoyloxy 5              inferieur ou un groups aryloyloxy,
ou P StQ   forment ensemble un groupe oxo; et S etT   sont inddpendamment
un atoms d'hydrogene ou un groups alcanoyloxy, alc6noyloxy, alcynoyloxy
inferieur ou un groups aryloyloxy, ou S et T   forment ensemble un groups
ox; et 10     U et V   sont independamment un atoms d'hydrogbne ou un
groups alkyle, alcknyle, alcynyle inferieur, aryle ou aryle substitu6; et W
est un groups aryle, aryle substitue, alkyle, alc6nyle ou alcynyle
inferieur, et dans laquelle les groupes alkyles contiennent 1 a 10 atomes
de carbons, Ies groupes alcenyles contiennent 2 a i5     10 atomes de
carbons, les groupes alcynyles contiennent 2 & 10 atomes de carbons et les
groupes aryles contien- nent 6 & 15 atomes de carbons, comprenant la miss
en contact d'une oxazinone de formule: 20                               R1y
25                                      N           (R2 25~ ~ ~~~R R6 R3 30
dans laquelle RI et R3 sont tels que dMinis dans la revendication 1; R2. R5
et R sont tels qus dMfinis dans la revendication 6; avec un alcool de
formule: 35 40                                HONNI 45 dans laquelle ces A,
B, D. E, F. G, I, J. K. L, M; P et Q sont isle que dMfinis plus haut, la
miss en contact de cette oxazinone et de cet alcool etant conduite en
presence d'une quantite suffisantb d'un agent d'activaton pour provo- quer
la r6action de l'oxazinone avec Palcool afin de former un p-amido ester qui
est ulilisable comme intbrmediaire s0     dans la synthise dun taxol, et la
conversion de cot intermediaire en taxol. 8. Proced6 suivant les
revendications 6 ou 7, dans loquel RI est un groups aryle en C-15, R2 est
OR8 dans loquel RB est un groups ethoxyethyle ou
2,2,2-trichloroithoxym6thyle, et R3 est un groups aryle en C165. 56  9.
Procede suivant lune quelconque des revendications 6 a 8. dans Iequel R1 et
R3 sont un groups phenyle, R5 et R5 sont un atoms d'hydrogene, et R2 est
ORa dans lequel Rs est un groups protegeant la fonction hydroxy. 10.
Proced6 pour la preparation de taxol, qui comprend la miss en contact d'un
alcool ayant le noyau t6tracyclique du taxane et un groups hydroxy en C1 3
avec uns oxazinons suivant l'une quelconque des revendications 1 a 5, la
miss 26  



EP 0 428 376 B1      I t!ItI1i 11II1j Ilij  li  ! en contact de cette
oxazinone et de cot alcool etant conduite en presence d'une quantit6
suffisante d'un agent d'aclivation pour provoquer la r6action de loxazinone
avec l'alcool afin de former un p-amido ester qui est utilisable comme
intermediaire dans la synthese d'un taxoW, et la conversion de cot
intermediaire en taxol. 5  11. Proced6 suivant l'une quelconque des
revendications 6 a 10, dans loques le groups prot6geant la fonction hydroxy
est choisi parin des ac6tais, des ethers, des esters et des carbonates 12.
ProcW6d suivant rune quebconque des revendications 6 a 11, dans loquel
l'alcool a la formule: 10 ACO HOuiw                    034 15 PhC~ AcO 20
dans laquelle R4 est un groups protegeant la fonction hydroxy. 13.
Proc6d6suivantlarevendication 12, dans loquel R4 estchoisi parmi des
ethers, des esters, descarbonates etdes 25     groupes silyles. 14. Proc6de
suivant l'uns quelconquedes revendications 6 a 13, dans lequel lagent
d'activation est une amine tbrflaire. 15 Proced6 suivant la revendication
14, dana Isquel ragent d'activation est la tri6thylamins, la
diisopropylethyl amine, 30    la pyridine, le N-methyl imidazole ou la
4-dimethylaminopyridine. 35 40 46 50 55 27    


