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PREPARATION OF SUBSTITﬁTED ISOSERINE ESTERS
USING METAL ALKOXIDES AND B-LACTAMS
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application of U.S. Ser1a1 No. 07/86
1992, which was a continua
Serial No. 07/86

continua

§49, filed Apr11 6,
iofi-in-part application of U.s.
filed April 3, 1992, which was a
iofi—in-part application of U.S. Serial WNo.

’

Three esters of_N-aéyl phenyl isoserine, taxol,
taxotere and cephalomannine have been found to poSsess
significant properties as antitumor agents.  This
application describes a process for the preparation of

N-acyl, N-sulfonyl and N-phosphoryl substituted isoserine

esters, in general and 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 B-lactams, in particular.

The taxane family of terpenes, of which taxol is
a member, has attracted considerable interest in both the
biologicél 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: '
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I nstitute of Health. The Governnent has certain rights in the Invention:
REFERENCE TO RELATED APPLI CATIONS  This is a continuation of aEﬁ.lr ‘gg&ilgg&m)
Ser. No. OYQ@23/96879 filed on Sep. 22, 1992, now abandoned, whi ERYf
continu- ation-in-part application of U-S. Ser. No. 07/863,849, filed Apr.

6, 1992, now abandoned, which was a continuation- in-part application of

U S. Ser. No. 07/862,955, filed Apr. 3, 1992, now abandoned, which was a
continuation-in-part application of U S. Ser. No. 07/763,805, filed Sep.

23, 1991, now abandoned. BACKGROUNIZ OF THE | NVENTI ON- Three
esters of N-acyl phenyl isoserine, taxol, taxotere :

wherein Ph is phenyl and Ac is acetjl. 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
5 presently being provided by the bark from Tazus brevifollia
(Western 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
taxol will not meet'the'demand. Consequently, chemists in
" 10. recent years have expended their energies in trying to find
a viable synthetic route fdr the preparation of taxol. So
far, the results have not been entirely satisfactory.
One synthetlc route that has been proposed is
dlrected to the synthesis of the tetracyclic taxane nucleus
15 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 multl-step, tedious, andl_
20 costly process.
A seml-synthetlc approach to the preparatlon of
taxol has been described by Greene, et al. in JACS 110,
5917 (1988), and involves the use of a congener of taxol,
10¥deacety1 baccatin III which has the structure of formula

25 11 shown below:
THIS SHEET HAS BEEN
REPLACED
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and’ cephal omanni ne have been found to possess significant propert]
antLtUnD[ WM@ABA60THI s application describes a process forpthg 5Fég§§§@?6%m
of N-acyl, N-sulfonyl and N-phosphoryl substituted isoserine esters, in
general and to a sem -synthesis for the preparation of taxane derivatives
such as taxol, taxotere and other biologically active deriva- tives

I nvol ving the use of netal al koxides and [err]-lactans, in particular.

The taxane famly of terpenes, of which taxo8 is a mnem ber, has attracted
considerable interest in both the biological and chem cal arts. Taxol is a
prom si ng cancer chenothera- peutic agent with a broad spectrum of

anti| eukeni ¢ dri-desmetyhhibsiqdatimcIidi ths waxel Ieedilie p¥pid@big then

structure: taxol since it can be obtained from the needles of Taxus
baccata. According to the method of Greene et al._,
10-deacetyl baccatin III is converted to taxol by
5 attachment of the C-10 acetyl group and by attachment 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 _
10"carboxy1;c acid unit is a multi-step process which proceeds
| in low yield, and the coﬁpling reaction is tedious and also
proceeds 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
15 taxol, since it has been shown by Wani, et al. in JACS 23,
' 2325 (1971) that the presence of the B-amido ester side
chain at Cl13 is requited 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
20 formula III below, have an activity significantly greater

than that of taxo; (). 'nnssHEETHASBEEN1

REPLACED

(III)

heet Has Been Replaced

"I

R' represents hydrogen or acetyl and one of R" and R"'
represents hydroxy and the other represents tert-bugoxy—
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[err] ¢ _ _
. WO 93/06079 o PCT/US92/07990

-carbbnylamino and their steteoisomeric forms, and mixtures
thereof. _
i According to Colin et al., U.S. Patent 4,418,470,
' the products of general formula (III) are obtained by the
5' action of the sodium salt of tert-butyl N-chlorocarbamate
on a product of general_formula: ’

- (I

in which R' denotes an acetyl or 2,2,2-trichloroethoxy-
carbonyl radical, followed by the replacement of the
10 _2;2.zétriéhloroethoxycarbbnyl group or groups 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
the baccatin III or l0-deactylbaccatin III employed for the
15 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 of Ioedeaqtyl-
20 baccatin III of general formula
T
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wherei'n Ph is phenyl and Ac is acetyl. Because of this pron15|n% activiaﬁ
i s cW@&A6P7Undergoing clinical trials in both France an®GIKES 29
St at es. The supply of taxol for these clinical trials is presently being

taxol

provi ded by the bark from Taxus brevifollia (Western Yew).

is found only in mnute quantities in the bark of thes

wi |

not neet

CoHg—CH—NHCOOC(CH,)3;  OCOCH,

However , taxol

Wi

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

general formula:

0—R,

(VI
(CH,) 3 COCON COOH

CeHy

5 in which R; is a hydroxy-protecting group, is condensed

with a taxane derivative of general formula:

R,0 o QRs

(VID

‘THIS SHEET HAS BEEN
REPLACED

in which R, is an acetjrl hydroxy-protecting group and R3 is

a hydroxy-protecting group, and the protecting groups R,,
10 Ry and, where appropriate, R, are then replaced by
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the denmand. Consequently, chemists in recent years'have expended their

energies IPV 53}[13‘9 -¢ 0 find a viable synthetic route for the prepgraussro®ion
t axol . e Tesults have not been entlrerLEETTEfaeLQLy\\\Ngﬁﬁ
synthetlc route that has been proposed is dlrectedTMQm%gqls nt hesi f the

tetracyclic taxane nucleus fromcom nodity chen1ca §amﬁqpf t he
t axol congener taxusin has been reported by Fblton '

_ 110,
6558 (1988). Despite the progress nmade in this appr ' aWF tota
synthesis of taxol is, nevertheless, likely 1o be a nultl-step, di ous,
and costly process. A senm synt heti c approach to the preparation of taxol

has been desc&gﬁ%g [Dh .G eRbRevEE althl{l ﬁ%gﬁgélcémpﬁ%%a( %e?g@ive‘i@d haﬁsﬁas

i nvol ves the a congener of tax eacet ccatin Il "whic
t he Structurecgpdp&gmﬂg,|pr§ﬁg@ﬁs with poor conver51on, and provides

less than optimal yields.
A major difficulty remaining in the synthesié'of
5 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 R-amido
ester side chain. Development of such a process for its
attachment in high yield would facilitate the synthesis of
10 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 diécovery
of a new, efficient process for attachment, to the C- 13
~ oxygen, of the chemical un1t which provides the B-amido
15 ester side chain.
Another méjor difficulty encountered 1in the
"5ynthesis of taxzol is that known processes for the
attachment of the B-amido ester side chain at C-13 are
generally not sufficiently diastereoselective. Therefore
20 the side chain precursor must be prepared in 6ptica11y
active form to obtain the desired diastereqmer'during
attachment. The process of this_invention, however, is
highly diastereoselective;'thué permitting the use of a
_ racemic mixture of side chain precursor, eliminating the
25 need for the expensive, time-~consuming précess of
separating the precursor into its respective enantiomeric
forms. The reaction_additionally proceeds at a faster rate
than previous processes, thus;permitting the use of less
.side-chain precursor than has been required by such
30 previous processes.

SUMMARY QF THE INVENTION

Aamong the objects of the present invention,
therefore, 1is the prov151on of a process for the
prepatation 0of N-acyl, N- sulfonyl and N—phosphoryl esters

SUBSTITUTE SHEET
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WO 93/06079 PCT/US92/07990

This Sheet
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of isoserine; the proviSion of a side chain precursor for
the synthesis of taxane derivatives; the provisioﬁ of a
process for the attachment of the side chain precursor in
- relatively high yield to provide an intermediate which' is
5 readily converted to the desired taxane derivative; and the
provision of such a process which is highly diastereo-
selective. ' |
In accordance with the present ihvention, a
process is provided for the preparation of isosefine esters
10 having the formula '

Rg Ry O
Ry R 3

comprising reacting a B-lactam with a metal alkoxide; the
B-lactam having the formula

N
7.

R; R,

15 and the metal alkoxide having the formula

| MOCE;E;E; |

wherein
Ry is -ORg, -SRj, or -NRgRg;

R, is hydrogen, alkyl, alkenyl, alkynyl, aryl, or
'.zo heteroaryl; _ : a
Rg and Ry are independently hydrogen, alkyl
alkenyl, alkynyl, aryl, heteroaryl, or acyl, provided,

THIS SHEET HAS BEEN

however, that Ry and R, are not both acyl;
| | | REPLACED
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10-deacetyl baccatin IIl is nore readily avail abl e than taxol since it can
be abtained fromthe needl es of Taxus baccata. According to the_nethod of

~

G'eene et’ A¥YQ 934W03%aceryl baccatin 111 is converted to taxol bYCA{VAHFEHO
of the 'C-10 acetyl group and by attachnment of the G 13 [err]-am do ester
side chain through the esterification of the G 13 alcohol with

8

_ Rg is -CORyg, -COOR;,, -COSR;q, —-CONRgR;q.
-SOR3;, or -PORjoR; 3. ' '
Rg is hydrogen, alkyl, alkenyl, alkynyl, aryl,
heteroaryl, hydroxy protecting group, or a functional group
5 which increases the water solubility of the taxane
ﬁerivafive, . |
R is alkyl, alkenyl, alkynyl, aryl, heterocaryl,
or sulfhydryl protecting group, : _

_ Rg is hydrogen, alkyl, alkenyl, alkynyl, aryl, or

.10 heteroaryl;

Rg is an amino protecting group;
_ Ryg 1is alkyl, alkenyl, alkynyl, aryl, or
heteroaryl, _ o '

Rj; is alkyl, alkenyl, alkynyl, aryl, heteroaryl,

15 -ORjp, Or -NRgRy4, _ .

Ry, and R;; are independently alkyl, alkenyl,
‘alkynyl, aryl, heteroaryl, -OR;,, or -NRgRj,, _

Ry4 is hydrogen, alkyl, alkenyl, alkynyl, aryl,

or heteroaryl;

20 Ey, E5 'and Eq are independently hydrogen,
hydrocarbon or cyclic, provided, at least one of E;, E; and
E; is other than hydrogen. Preferably, two of E,, E;, and
E; together with the carbon to which they are attached
comprise a mono- or polyéyclic skeleton.

25 ' In accordance with another aspect of the present
invention, the metal alkoxide and B-lactam are selected so
as to provide a process for preparing taxol, taxotere and
other biologically active taxane derivatives having the
-following structural formula: '

" ‘/__..// .
This-Shee! cen Replaced

(T
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a [errj-amdo carboxylic acid unit. Al though this approach requires

relati vel Y WYoshEep the synthesis of the [err]-am do carboxyli pf;@mggymggg
is a mul ti-step process which proceeds in lowyield, and the .coup :
reaction is tedious and al so proceeds in |ow yield However, this coupling
reaction is a key step which is required in every contenplated synt hesi s 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
[err]-am do ester side chain at Cl3 is reqU|FEd for anti-tunor activity.
More recently, it has been reported in Colin et al. US. Pat. No. 4,814,470
that taxol derivatives of the forrmula Il bel ow, have an act|V|ty
significantly greater than that of taxol ().

R ){ U 12—
—— SN\ 7’\ v \olmmn/s
1 14
This Sheet Has Been H R, R

T

wherein
| Ry ~ Ry, are as previously defined, _

Ryg and Ryg are independently hydrocgen, hydroxy,

5 lower alkanoyloxy, alkeﬂoyloxy, alkynoyloxy, aryloyloxy or

'~ Rys and Ry, together form an oxo; :

R;7 and R;g are independently hydrogen or lower
alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy or Ri7
and Ryg together form an oxo; '

10 Ryg and Rjyq are independently hydrogen or hydroxy
or lower alkanoylbxy, alkenoyloxy, alkynoyloxy} or
aryloyloxy: . . :

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

15 and Rzzgtogether form an oxqé

”1R24 :s[hydrogen or hydroxy or lower alkanoyloxy,
alkenoyloxy, alkynoyloxy, or aryloyloxy; or

Ry3 and Ry4 together form an oxo or methylene or

Ry3 and Ry, together with the carbon atom to

20 which they are attached form.an oxirane ring or

Ry,3 and R,, together with the carbon atom to
which they are attached form an oxetane ring;" |

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

THIS SHEET HAS BEEN
REPLACED
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10

Ryg is hydrogen[ hydroxy, br lower alkanoyloxy,
alkenoyloxy, alkynoyloxy, or aryloyloxy; or. Rpg and Rys
taken together form an oxo; and |

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

Briefly, therefore, the taxane derivatives are
prepared by reacting a R-lactam (2) 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. B-lactam (2) has the

general formula:

R
5\“71449
r s (2
R, R
‘wherein Ry - Rg are as préviousiy defined. The metal

alkoxide preferably has the tricyclic taxane nucleus
corresponding to the general formula: '
_
eet Has Been Replaced

",

MOumas R 18k

N4

: ] THIS SHEET HAS BEEN
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R. represents hydrogen or acetyl and one of R' and R'' represents hydrox
and .t he otWer9zego79sents tert-butoxy- carbonylanino and their PCT/US92/07990
stereoi soneric fornms, and m xtures thereof. According to Colin et al.,
U S. Pat. No. 4.418,470, the products of general fornmula (I11) .are obtained

by the action of the sodiumsalt of tert- butyI N-chl orocar banate on a
product of general fornula: [err]

11

wherein M is a metal, and Ryg-R,7 are as previously
defined. Most preferably, the metal alkoxide has the
tetracyclic taxane nucleus corresponding to metal alkoxide
(3) wherein Ry, and Rjj together form an oxetane ring.-

5 : 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 pfocess
for preparing substituted isoserine esters, in general, and
10 taxol, taxotere and othef taxane derivatives which are
biologically active uszng B-lactam (2), the structure of
which is depicted hereinbelow: |

oy P

". . 2
- Ry —R,

Ry R,

wherein R;, R, Ry, R4 and Rslare as previously defined.
15 In accordance with the present 1nvent10n, Rg of
- B- lactam (2) is preferably -CORyq with Rlo(:aﬂﬂrﬂ?jﬂ being
aryl, heteroaryl, p-substituted phenyl, or lower alkoxy,
and most preferably phenyl,_dethoxy, ethoxy, tert-butoxy
("tBuO"; (CH3)3CO-), or |

' e . _ THIS SHEET HAS BEEN
' REPLACED
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in whith R - denotes an acetyl or 2,2-trichloroethoxycar- bonyl radical

foll owed by, dﬁ ;09691, cerrent of the 2,2,2- trichloroethoxycar bonyﬁcg;@sgtz/gfm
groups by hydr égen. is reported by Denis et al. in US. Pat.

4,924,011, however, that this process leads to a mxture of |soners whi ch
has to

12

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

h_;‘_;_;ﬁ__—-%-h;_

_ ~O- Wi
© -©:> —-@:: '. /:/Ph .;:
O O

wherein X is as previously defined, Me is methyl and Ph is
phenyl. Preferably, R; is selected from -ORg, —SR7 or
~-NRgRg wherein R¢, Ry and Rg, are hydroxy, sulfhydryl, and
10 amine protecting groups, respectively, and Rg is hydrogen,
alkyl, alkenyl, alkynyl, aryl, or heteroaryl. Most
preferably, R; is -ORg kherein Rg is triethylsilyl ("TES").
l-ethoxyethyl ("EE") or 2,2,2-trichloroethoxymethyl.
The B-lactam alkyl groups, either alone or with
15 the various substituents defined hereinabove are preferably
lower alkyl containing from one to six carbon atoms in the
principai chain and up to 15 carbon atoms. They may be
straight or branched chain and include methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, tert-butyl, af&l,
20 hexyl, and the like.

AS BEEN T
REPLacms BEEN
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be seﬁarated and, as a result, not all the baccatin IIl or
10- deact yIO234066791 1 | enpl oyed for the preparation of the proo%q/%§92107990
general formula (1V) can be converted to a product of géﬁé?a#—fﬁfﬁHLa—_____

(1.

10

15

20

25

30

This Sheet Has Been
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The B-lactam alkehyl 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 t0'15'carbdn atoms. They may be
straight or branched chain and 1nc1ude ethenyl, propenyl
isopropenyl, butenyl, 1sobutenyl,Pz;;29 hexenyl, and the
like.

The B-lactam aikynyl 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 chaln and include ethynyl, propynyl,
butynyl, isobutynyl, aé;gb hexynyl, and the like. _

The B-lactam aryl moieties described, either
alone or with various substituents, contain from 6 to 15
carbon atoms and include phenyl, a-naphthyl or B-naphthyl,
etc. Sﬁbstituents 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 B-lactam (2) may be -ORg
with Rg being alkyl, acyl, ethoxyethyl ("EE"),
triethylsilyl (“"TES"), 2,2,2-trichloroethoxymethyl, or
other hydroxyl protecting group such as acetals and ethers,
i.e., methoxymethyl ("MOM"), benzyloxymethyl; esters, such
as acetates; carbonates, such as methyl carbonates; and

. alkyl and aryl silyl such és triethylsilyl, trimethylsilyl,

dimethyl-t-butylsilyl, dimethylarylsilyl, dimethyl-
heteroarylsilyl, and triisoprépylsilyl, 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 conditions that are sufficiently mild,
e.g., in 48% HF, acetonitrile, pytidine, or 0.5% HCl/water/

THIS SHEET HAS BEEN
REPLAcr:D
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In aneffort to inprove upon the Colin et al.. process, Denis et al.

di scl ose a W
of 10-deactyl

10

15

20

25

c?) g process for preparing derivatives of baccat pm-yusgqgmggo
acca |n 1l of general fornula [err]

14

efhanol, and/or zinc,’aéetic acid so as not to disturb the
ester linkage or other substituents of the taxol
intermediate. However, Rg is preferably triéthylsilyl,
l-ethoxyethyl or 2,2,z-trichloroethoxymethyl, and'mosti
preferably triethylsilyl. |

Also as noted previously, Ry may be a sulfhydryl
protecting group and. Rg may'be an amine protecting group.
Sulfhydryl protecting groups include hemithioacetals such
as l-ethoxyethyl and methoxymethyl, thioesters, or
thiocarbonates. Amine = protecting groups include
carbamates, for example, 2,2,z-trichloroethylcarbamate or
‘tertbutylcarbamate. A variety of sulfhydryl and amine
protecting groups may be found in the above-identified text
by T. W. Greene.

Since B8-lactam (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.

B-lactam (2) can be prepared from readily

available materials, as is illustrated in schemes A and B
below:

This Sheet Has Been Replaced | LT
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i n.whi ch R mg@ﬁaﬁuydrogen or acetyl wherein an acid of gener alpcfrpUBY2/87990

[err] err] is a hydroxy-protecting group, ‘i s condensed wth
a’ taxane’' derlvatlve of general fornula: [err] -

15

s, &, s,
Ar  %EE Ar  oEE Ar  “onc
Scheme B -
’ o
5 TESO OEt
ArCHO 9.
This Sheet Has Been Rep

Tl

reagents: (a) triethylamine, CH2C12,'25°C. 18_h_: (b) 4 equiv

ceric ammonium nitrate, CH3'CN, -10°C, 10 min; (c) KOH, THF,
10 H,0, 0°C, 30 min; (d) ethyl vinyl ether, THF, toluene

sulfonic acid (cat.), 0°C, 1l.5h; (e) n-butyllithium, ether,

-78°C, 10 min; benzoyl chloride, —7B°C,'lh; (£) liﬁhium

diisopropyl amide, THF -78°C to -50°C; (g) lithium hexa-
 methyldisilazide, THF -78°C to 0°C; (h) THF, -78°C to 25°C,
15 12h. '

THIS SHEET HAS BEEN
REPLACED
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- 6- fn which R err] is an acetyl hydroxy-protecting group and Rlerr] is a

hydr.oxy- pr ows93Qged oup, and the protecting groups R err], R3 apgr/use2rer9sn '
appropriate, R err] are then repl aced by hydro- gen. However, this nethod

enpl oys rel atively harsh condi -

16

The starting materials are readily available. 1In
scheme A, a-acetoxy acetyl phlbride is prepared from
glycolic acid, and, in the presence of a tertiary amine, it
cyclocondenses with ihines prebared from aldehydes and

5 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

10 art to provide 3-hydroxy-4-arylazetidin-2-ones. The
3-hydroxyl group is protected with l-ethoxyethyi, but may
be protected with variety of standard protecting groups
such as the triethylsilyl group or other trialkyl (or.éryl)

- silyl groups. In Scheme B, ethyl-a-triethylsilyloxyacetate

15 1is readily prepared from glycoclic acid. ,

The racemic B-lactams may be resolved into the

‘pure enantiomers prior to protection by recrystallization
of the corresponding 2-methoxy-2-(trifluoromethyl)
phenylacetic esters. However, the reaction described

20 hereinbelow in which the B-amido ester side chain is
attached has the advantage of being highly diastereo-
selective, thus petmitting the use of a racemic mixture of
.side chain precursor.
| The 3-(l-ethoxyethoxy)-4-phenylazetidin-2-one of

25 scheme A and the 3-(l-triethyisilyloxy)-4-pheny1azetidin-
2-one of scheme B can be converted to B-lactam {2), by
treatment with a base, preferably n-butyllithium, and an
acyl chloride, alkylchloroformate, sulfonyl chloride,
phosphinyl chloride or phosphoryl chloride at -78 °C or

30 below. ' .

The process . 0f the preseht invention is
partlcularly useful for Lhe esterification of mono- or
polycyclic metal alkoxides which are represented by the
formula
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tions,” proceeds with poor conversion, and provides |ess than opt] .
yields.  WOIPHOHfficulty remaining in the synthesis of taxolpﬁb’sg?‘ﬂlg”o
potential anti-tunor agents is the lack of a readily avail able nmethod for
easy attachnment, to the G 13 oxygen. of the chem cal unit which provides
the [err]-am do ester side chain. Devel opnent of such a process for its
attachnment in high yield would facilitate the synthesis of taxol as well as
rel ated anti-tunmor agents having a nodified Xkt of nuclear substituents or
a nodified G 13 side chain. This need has been fulfilled by the discovery
of a new, efficient process for attachnent, to the C 13 oxygen. of the
chem cal unit which provides the [err]-am do ester side chain.  Another
maj or difficulty encountered in the synthesis of taxol is that known
processes for the attachment of the

in which E;, E; and the carbon to which they are attached
define a carbocyclic and/or heterocyclic skeleton which may
be mono- or polycyclic and Ej is hfdrogeh or hydrocarbon,

5 preferably lower alkyl. Most preferably, the cafbocyclic
and/or heterocyclic skeleton comprises about 6 to 20 atoms
and the hetero atoms are oxygén. The cyclic skeleton may
be hydrocarbon and/or heterosubstituted with heterosubsti-
tuents including, for example, esters, ethers, amines,

10 alcohols, protected aicohols, carbonyl groups, halogens.
oxygen, substituted oxygen or substituted nitrogen.

When the metal alkoxides have the bi-, tri- or
tetracyclic taxane nucleus, the process cf the '_presen't
invention may advantageously be used to prepare taxane

15 derivatives, many of which have been found to have

. significant biological activity. As used herein, a metal
alkoxide having the bicyclic taxane nucleus has the
carbocyélic skeleton correspbnding to rings A and B of
metal alkoxide (3): '

\\
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[err]«an1do ester side chain at C 13 are generally not suffi- cientl

di ast er eogg) §5/gky® Therefore the side chain precursor nust bePGFERAWIH
optically active formto obtain the desired diastereoner during attachnent.
.The process of this invention, however, is highly diastereosel ective, thus
per- mtting the use of a racem ¢ m xture of side chain precursor.
elimnating the need for the expensive, time-consum ng process of
separating the precursor into its respectiyg enan- tioneric forns. The
reaction additionally proceeds at a faster rate than previous: processes,
thus permtting the use of |ess side-chain precursor than has been required

by such previ- ous processes. SUMWWARY OF THE | NVENTI ON  Anong
the objects of the present invention, therefore, is

3

M and Ry5-Ry7 are as previously defined. A metal alkoxide
having the tricyclic taxane nucleus has the carbocyclic
skeleton corresponding to rings A, B and C of metal
alkoxide (3). A metal alkoxide having the tetracyclic

5 taxane nucleus has carbocyclic rings A, B and C of metal
alkoxide (3) and the oxetane ring defined by Ra2- Ro3, and
the carbons to which they are attached.

Preferably, the metal alkoxide used in the
process of the present invention is metallalkox1de (3).

10 Most preferably, R;s is -OT, or -OCOCH3; Rjg is hydrogen;
Ry; and R;g together form an oxo; Ryg is -OT3; Ryg and Ry
are hydrogen; R,, and R,3 together with the carbons to
which they are attached form an oxetane ring; Rpq is
CH3CO00-; Ryg is PhCOO- ; Rpg is hydrogen; Ry is hydroxy;

15 and Ty and T, are ihdependently' hydrogen or hydro;y
protecting group.

Metal substltuent, M, of metal alkoxide (3) is a
Gfoup IA, IIA, IIIA, lanthanide or actinige element or a

This Sheet Has Been
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t he pr‘o~vi Si rocess for the preparatlon of N-acyl, N-sulf %7990
N-phosphory&e}qg .B | soserine; the provi- sion of a side chain p)recursor

for the synthesis of taxane derivatives; the provision of a process for the
attachnment of : -7 -

19

transition, Group IIIA, IVA, VA or VIA metal. Preferebly,
it is a Group IA, IIA or transition metal, and most
preferably, it is lithium, magnesium, sodium, potassium or
titantium. ' .

5 The metal alkoxide aikyl 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 10 carbon atoms.
They may be straight or branched chain and include methyl,

10 %ngl, propyl, isopropyl, butyl, isobutyl, tert-butyl,
Ezyd hexyl, and the like.

The metal alkoxide alkenyl groups, either alone
or with the various substituents defined hereinabove are
preferably lower alkenyl centaining from two to six carbon

15 atoms in the principal chain and up to 10 carbon atoms.
They may be straight or branched chain and include ethenyl,

: . panvenyt,
propenyl, isopropenyl, butenyl, isobutenyl, g%y{b hexenyl,
and the like. . '

_ The metal alkoxide alkynyl groups, either alone

20 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 cha1n and include ethynyl,
propynyl, butynyl, isobutynyl, h&@%ﬁ hexynyl, and the like.

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

The metal alkoxide aryl moieties, either alone or
with various substituents contain from 6 to 10 carbon atoms

30 and include phenyl, a-naphthyl or g8B-naphthyl, etc.
Substituents include alkanoxy, hydroxy, halogen, alkyl,
aryl, alkenyl, acyl, acyloxy, nitro, amino, amido, etc.
Phenyl is the more preferred aryl.

\
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t he side chain precursor in relatively high yield to provide an

i nt er medi akgo\Rigga7e s readily converted to the desired taxane dectTyess2/67990
and the provision of such a process which is highly diastereosel ecti ve.

I n accordance with the present invention, a process is provided for the
preparation of isoserine esters having the fornula [err]

20

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

5 of baccatin III or 10-deacetyl baccatin III having'the
structure

(4

wherein T; is a hydroxy protecting group, and 2 is -OT,
wherein Ty is acyl, preferably acetyl, or other hydroxy

10 protecting group. Most preferably, the alcohol is a
prbtected baccatin III, in particular, 7-0-triethylsiiyl
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. |

15 As reported in Greene et al., 10-deacetyl
baccatin III is converted to 7-O—triethylsiiyl—lo-deacetyl
baccatin III according to the following reaction scheme:

/////////////////////ii““
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conprfsing reacting a [err]-lactamwith a metal al koxide, the [err]-lactam

havi ng t hewi@oBjea7d err] and the netal al koxi de havi ng t hGWURIRATIN
MOCE[errTE[err] E[err] S -

10

15

20

25

51 : This Sheet Has Been Replaced

1

cH,
(CyHg),S1C1
HO -- =
CoH N HO --
HO
(5) (6a)

Under what is reported to be carefully optimized

conditions, l10-deacetyl baccatin III is reacted with 20
equivalents of (CyHg)3S8iCl at 23°C under an argon
atmosphere for 20 hours in the presence of 50 ml of

‘pyridine/mmol of 1l0-deacetyl baccatin III to provide

7-triethylsilyl-10-deacetyl baccatin III (6a) .as a reaction
product in 84-86% yiéld after purification. The reaqtion
product is then acetylated with 5 equivalents of CH3COCl
and 25 mL of pyridine/mmol of (6a) at 0 °C under an argon
atmosphere for 48 hours to provide 86% yield of 7-O-tri-
ethylsilyl baccatin III (6b). Greene, et al. in JACS 110,

5917 at 5918 (1988).

Alternatively, 7-triethylsilyl?lo—deacetyl
baccatin III (6a) can be protected at C—loloxygén-with an
acid 1labile hydroxyl protecting group. For example,

treatment of (6a) with n-butyllithium in THF followed by
triethylsilyl chloride (1.1 mol equiv.) at 0°C gives

7,10-bis-O-triethylsilyl baccatin III (6c) in 95% yield.
Also, (6a) can be converted to 7-O-triethylsilyl-10-(1-
ethoxyethyl) baccatin III (64) in 90% yield by treatment
with excess ethyl vinyl ether and a catalytic amount of

. methane sulfonic acid. These preparatlons are 111ustrated

in the reaction scheme below.

THIS SHEET HAs BEEN
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V\,herei';l R[erf] is -OR[err], -SR [err], or -NRerr]Rerr]; Rlerr] is

hydr.ogen, , , enyl, al kynyl, aryl, or het- eroaryl; Rl epdr/8862/07990
Rlerr] ar eﬂi*léﬁgﬁ%é#agnt | y hydrogen, alkyl, alkenyl,. alkynyl, ar;‘/’ﬁr -

het er oar yl , or\ww ded, however, that Rerr] and Rerr] -are not both

acyl ;

/Zﬂ%%%ﬁ@ﬁ%i%ﬁzifé;\ | - 22

CHycOCl

CyHsN

Hou",“ Oz
n-Bulil
(6a) >

(C,Hg)p84C]

CoH30C, Hy

(CAT)CR,S0,H

OCq Hs

7-O-triethylsilyl baccgtiﬁ IIT (6b), 7,10-bis-

5 O-triethylsilyl baccatin III (6c), or 7-O-triethylsilyl-
10-(l-ethoxyethyl) baccatin III (6d) is reacted with an
organometallic compound such as n-butyllithium in a solvent
such as tetrahydrofuran (THF), to form the metal alkoxide
13-0-1lithium-7-O-triethylsilyl baccatin III (7b)

10 13-0-lithium-7,10-bis-O-triethylsilyl baccatin III (7c), or

SUBSTITUTE SHEET



- 8- . Rlerr] is -COR[err], -COOR[err], -COSR[err], -CONRlerr]Rerr],

- SOR[ er r ] RVOr9B/06879 - POR[err| Rl err], Rl err] is hydrogen, alkylPCEIUSH207990
al kynyl, aryl, heteroaryl, hydroxy proecting group, or a functional group
whi ch increases the water solubility of the taxane derivative, Rlerr] is

al kyl, al kenyl, al kynyl, aryl, heteroaryl, or sulfhy- dryl protecting
group, Rl err] is hydrogen, alkyl, alkenyl, alkynyl, aryl, or het-
croaryl; 23

13-0-1ithium-7-O-triethylsilyl-10-(l-ethoxyethyl) baccatin
II1I1 (7d) as shown in the following reaction scheme:

CHyCH,CH,CH,Li + HO--

6 b-d

4

I3 0S1¢C, Ha) 7 b-d

_ (7b) Z = -OCOCH,
E ." C7C) 2 = -OSi(C2I{5)3
i OCOCH, - .
ococ, i, (7d) 2 = -OEE
5 As illustrated in the following reaction scheme,

a suitable metal alkoxide of the present invention such as

13-0—1ithium—7-0-triethylsilyl baccatin III derivative (7b,

7c, or 7d) reacts with a B-lactam of the present invention

to provide an intermediate (8b, 8c, or Bd) in which the C-7
10 hydroxyl group is protected with a triethylsilyl or

k THIS SHEET HAS BEEN

l-ethoxyethyl group.

J
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Rlerr]" is an am no protecting group; Rlerr] is alkyl, alkenyl, alkynyl,
aryl, or heteroaryl, Rlerr] is alkyl, alkenyl, alkynyl, aryl, t [
-OR[err], &YO93:.040f%rr|Rerr], R err] and Rlerr] are i ndependgﬁr'ﬁégflgﬁg;0
al kenyl , al kynyl, aryl, heteroaryl -OR[err], or -NR[err]Rerr], Rl err]
I s hydrogen, alkyl, alkenyl, aIkynyI, aryl, or het- eroaryl; E[err],
E[err] and E[err] are independently hydrogen, hydrocarbon or cyclic

provi ded, at |east one of Eferr], E[err] and E[err] is ot

Preferably, two of E[err], E[err], and E[er®} together mnﬂhmsmﬁﬂﬁéhggﬁk&
whi ch they are attached conprise a nono- or polycycllc skel

accordance with anot her aspect of the present inven- tion, mnm,”aﬂl”mm
al koxi de and [err]-lactam are selected so as to

RO

R, Ry O
OTES : Ra«,
LiOwmm

/ - (1) _THF 1!1 Ry R,
HO § ___)__ R
PhCOO ! r_ 1

7 b-d (2) 8 b-d4 .
b, R = -COCH3
: : C, R = —Sl(CZH5)3

Intermediate compound (8b) readily converts to
taxol when R; is -ORg, R, and R3'ére hydrogen, R4 is
phenyl, Rg is benzoyl and Rg is a hydroxy protecting group
such as triethylsilyl. Intermediate compound (8c) readily

10 converts to taxotere when R; is ~ORg, R, and R3 are
hydrogen, R4 is phenyl, Rg is tertbutoxycarbonyl and Rg is
a hydroxy protecting group such as triethy;éilyl.
Intermediate compound (84) feadily converts to l0-deacetyl
taxol when R; is -ORg, R, and Ry are hydrogen, R4 is

15 phenyl, Rg is benzoyl, and Rg is a hydroxy protecting group

' such as triethylsilyl. Intermediate compounds (8b, 8c and
8d) may be converted to the indicated compounds by
hydrolyzing the tfiethylsilyl' and 1l-ethoxyethyl groups
under mild conditions so as not to disturb the ester

ents. ’
20 llnkage or the taxane derzvatzve substltu THIS SHEET HAS BEEN

o REPLACED
oy HE: CgHgN, CH3CN TAXOL
sc —rr CsHsM: CHaCF . raxorere

% 8d 0-1% HC1, EtOH > 10-DEACETYL TAXOL
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provi-de a process for preparing taxol, taxotere and other biol ogical

-9-

10

15

20

25

30

active taxe@eomesd™ati ves having the following structral fornmul BCTéEP ¥2/°7990

. //II/I///III/////I/I/7i7°“’

Other taxane derivatives may readlly be prépared
by selection of the proper substituents R; - Rg of B-lactam
(2) or Ry - Ry of metal alkoxide (3). The preparation of

* such other compounds is illustrated in the examples which

follow. o .
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
B-lactam is added to thé reaction vessel after formation
therein of the metal alkoxide.

The organometallic compound n-butyllithiﬁnl 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
organomagnesium compounds, <rganosodium, organotitanium,
organozirconium, organozirc, organocadmium or
organopotassium or the corresponding amides may also be
used. Organometallic cohpounds are readily available, or
may be prepared by available methods including_reduction of
organic halides with metal. Lower alkyl halides are
preferred. For example, butyl bromide can be reactéd with
lithium metal in diethyl ether to give a solution of
n-butyllithium in the following manner:

-1o'c
CH,CH,CH,CH,Br + 2Li - CHyCH,CHCHLi + LiBr
Zt,

Alternatively, the 1lithium alkoxide may be
induced to undergo exchange with metal halides to form
alkoxides of aluminum, boron, cerium, calcium, zirconium or

" zinc.

THIS SHEET HAS BEEN
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wher ei'n Rlerr]-Rerr] are as previously defined, Rlerr] and R err]
ar.e .l ndependent |y hydrogen, hydroxy, |ower al kanoyl oxy, al kenoyl ox

al kynoyl oxwo 8g/96emd OXW“‘R[-@F--K--leg] t oget her form an 0&6!'/}/‘1'52-"8[/%?29}1
and Rierr] are independegly hﬁfgen or Tower al kanoyl oxy, al kenoyl oxy,

al kynoyl oxy, . or aryl oyl-ox i~ RepldedR[ err] toget her form an oxo;
Rlerr] and Rerr] are ind?m[lﬂ/i ”7 ogen or hydroxy or | ower

al kanoyl oxy, al kenoyl oxy, J r aryl oy- |oxy; Rlerr] and R err]
are independently hydrogen or |ower alkKanoy2exy, alkenoyl oxy, al kynoyl oxy,
or aryloyloxy or Rlerr] and Rl err]together form an oxo;. ' ;

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

5 solvents and some étraight—chain hydrocarbons in which the
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

10 incompatibility therewith. _ '

Although the reaction scheme disclosed herein is
directed to the synthesis of certain taxol derivatives, it
can be used with modifications in either the B-lactam or
the tetracyclic metal alkoxide. Therefore metal alkoxides

15 other than 13-O-lithium-7-O-triethylsilyl baccatin III may
be used to form a taxol intermediate according to the
method of this invention. The B-lactam and the tetracyclic
metal alkoxide can be derived from natural or unnatural
sources, to prepare other syﬁthetic taxols, ta;ol

20 derivatives, l0-deacetyltaxols, and the enantiomers and
diastereomers thereof contempiated within the present
invention.

The process of the invention also has the
important advantage of being highly diastereoselective.

25 Therefore racemic mixtures of the side chain precursors may
be used. Substantial cost savings may be realized -because
there is no need to resolve racemic B-lactams into their
pure enantiomers. Addifional cost savings may be realized
because less side chain precursor, e.g., 60-70% less, is

30 requited relative to prior processes.

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

SUBSTITUTE SHEET



R[efrf I s hydrogen or hydroxy or | ower al kanoyl oxy, al k- enoyloxy,
al kynoyl oxyWwO®3/@60y9 oyl oxy; . __Rlerr] and Rerr] together for RGE US9/03P90
nethylene or Rlerr] and R[err together mnth t he carbon atomto which

they are attached forn1an Rlerr] and Rlerr] together with
t he carbon atomto which t d form an oxetane ring; R err]
I s hydrogen, hydroxy, or y, allcenoy- |oxy, al kynoyl oxy, or

aryl oyl oxy or Rl err] is hydrogen hydroxy 2pr | ower al kanoyl oxy, al kenoy-
| oxy, al kynoyl oxy, or aryloyloxy; or R err] and R err] taken together form
an oxo; and Rl err] is hydrogen, hydroxy or |ower al koxy, alkanoyl oxy#

al kcnoyl oxy, al kynoyl oxy6 és etylydynewy . profylefiéy, CHOHd: elozecyco

derivatives arg pf e.‘?a{:ﬁgn@iene: o
Rl = OH base, NR2R3 o3, SR3 OCH,CONR4R3, Lou,
_ RZ = hydrogen,Lmethyl,
5 R3 = (CH,p),NRSR7[ (CH,) N®RSRTR8X,°;
n =1t%o 3 e
R4 = hydrogen/ lower alkyl containing 1 to 4
carbons; | ' .
_ RS = hydrogen, lower alkyl containing 1 to 4
10 _ carbons, benzyl, hydroxyethyl, CH,CO5H, o
d!D dimethylaminoethylj
= lower alkyl'containing 1 or 2 carbons, ©¥
benzyl'E;?;;r:;;; |

lR7 togethe; with the n1trogen atom of NR6R7

15 ’ form%}he £ollow1ng rings
I I | | e |
agvlee
|
CH,
ov

R8 = lower alkyl containing 1 or 2 carbons/ benzyl;
X1® = halidej awa

/ _
base = NH3" (H0C2H4)3N N(CH3>3, CH3N(C2H4OH)2,
20 NHZ(CHZ)GNHZ' N-methylglucamine, NaOH‘_KOH

The preparatlon of compounds in which Rg or T, is -COGCOR1
is set forth in Hangwitz U.S. Patent 4,942,184 which is
1ncorporated herein by reference '

The follow1ng examples illustrate the invention.

THIS SHEET HAS BEEN
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reacting a [err]-factan1(2) with a netal al koxide having the bi-

-10--- tri- yclic taxane nucleus to forma [err]-am do 0US92/07990
i nt er medi at@baﬁz@&ﬁﬁtern\edi ate is then converted to the taxane derivati ve.

[err]-lactam (2) has the general -forrmul a:

cet Has Been Replaced

i -

EXAMPLE 1
Preparation of  2'-ethoxyethyl-7-triethylsilyl
taxol, and subsequently taxol, from racemic B-lactam:

To a solution of 7-triethylsilyl baccatin III

5 . (20mg, 0.028 mmol) in 1 ml of THF at -78°C was added
dropwise 0.17 ml of a 0.164M solution of nBuLi in hexane.
After 30 min at -78°C, a solution of cis-l-benzoyl-3-
(l-ethoxyethoxy)-4-phenylazetidin~-2-one (47.5 mg, 0.14
mmol) in 1 ml of THF was added dropwise to the mixture.

10 The solution was allowed to slowly warm (over 1.5 h) to 0°C
and was then stirred at 0°C for 1 h and 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 layer

15 gave a residue which was purified by flash chromatography
to give 23 mg (80%) of (2'R, 3'S)-2'-ethoxyethyl-7-tri-
ethylsilyl taxol and 3.5 mg (13%) of 2',3'-epi(2'S,
3'R)-2'-ethoxyethyl-7-triethylsilyl taxol. |

A 5 mg sample of (2'R, 3'S)-2'-ethoxyethyl-~

20 7-triethylsilyl taxol was dissolved in 2 ml of ethanol, and
0.5 ml of 0.5% agueous HC1 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

25 sodium sulfate and concentrated. The residue was purified
by flash chromatography to provide 4.5 mg (ca.90%) taxol,
which was identical with an authentic sample in all
respects. _

A S mg sample of 2°',3'-epi(2'S,3'R)~2'-ethoxy-

30 ethyl-7-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

 SUBSTITUTE SHEET



[err]‘ wherein R err]-Rerr] are as previously defined. The netal

al kox- ide ) nhe;ﬁ[)f&%y has the tricyclic taxane nucl eus corresponﬁtﬁmmlém

general for —

et Has Been Replaced

\\||\|\\ \|||\\ L

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 2',3'-epitaxol. ' -

5 : EXAMPLE 2
Preparation of 2' 7-(bis)triethylsilyl taxol, and
subsequently taxol, from racemic B-lactam:

To a solution of 7-triethylsilyl baccatin III
(100mg, 0.143 mmol) in 1 ml of THF at -45°C was added

10 dropwise 0.087 ml of a 1.63M solution of nBuLi in hexane.
After 1 h at =-45°C, a solution of cis~l-benzoyl-3-
triethylsilyloxy)-4-phenylazetidin-2-one (274 mg, 0.715
mmol) in 1 ml of THF was added dropwise to the mixture.
The solution was allowed to warm to 0°C and held at 0°C for

15 1 h. One ml of a 10% solution of AcOH in THF was added.
The mixture was partitioned between saturated agueous
NaHCO3 and 60/40 ethyl acetateé/hexane. Evaporation of the
organic layer gave a residue which was purified by £flash
chromatography followed'by recrystallization to give 131 mg

20 (85%) of (2'R, 3'S)-2',7-(bis)triethylsilyl taxol and 15 mg
(10%) of 2',3'-epi(2'S,3'R)-2"',7-(bis)triethylsilyl taxol.

To a solution of 121.3 mg (0.112 mmol) of (2°'R,
3'S)-2',7-(bis)triethylsilyl taxol in 6 ml of acetonitrile
and 0.3 ml of pyridine at 0°C was added 0.9 ml of 48%

25 aqueous HF. The mixture was stirred at 0°C for 8 h, then
at 25°C for 6 h. The mixture was partitioned between
saturated agqueous sodium bicarbonate and ethyl acetate.
Evaporation of the ethyl acetate solution gavé 113 mg of
material which was purified by flash chromatography and

30 recrystallization to give 94 mg (98%) taxol, which was
identical with an authentic sample in all respects.
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mhe;einbw S ﬁ netali and Rlerr]-Rerr] are as previously defined. Mst.
preferably, the metal al koxide has the tetracyclic taxane nucl g¢sr/u -
cor r espondVRPF 86478t alT arkoxi-de—(3)—wherein R err] and Rlerr] toge’t"hsgrﬂqc g?om

an oxetane ring. Ot ek SRBIBCRS. an feanures of this invention will be in
” ceder ei naft er . DETAI LED

e

To a solution of 5 mg of (2'R, 3°'S)-2',7-(bis)
triethylsilyl taxol in 0.5 ml of acetonitrile and 0.03 ml
of pyridine at 0°C was added 0.09 ml of 48% agueous HF.
The mixture was stirred at 0°C for 8 h, then at 25°C for 6

5 h. The mixture was partitioned between saturated agqueous
sodium bicarbonate and ethyl acetate. Evaporation of the

30

ethyl acetate solution gave 5 mg of material which was
purified by flash chromatography and recrystallization to
give 4.6 mg (ca. 95%) of 2',3'-epitaxol.

10 . EXAMPLE 3
Preparation of 2',7-(bis)triethylsilyl taxol, and
subsequently taxol, from optically active B-lactam:

To a solution of 7-triethylsilyl baccatin III
(100 mg, 0.143 mmol) in 1 ml of THF at -45°C was added
15 dropwise 0.087 ml of a 1.63M solution of nBuLi in hexane.
After 1 h at -45°C, a solution of (+)-cis-l-benzoyl-3-
triethylsilyloxy-4-phenylazetidin-2-one (82 mg; 0.215 mmol)
in 1 ml of THF was added dropwise to the mixture. The
solution was allowed to warm to 0°C and held at 0°C for 2
20 hours. One ml of a 10% solution of AcOH in THF was added.
The mixture was partitioned between saturated agqueous
NaHCO5; 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 145 mg
25 (94%) of (2'R, 3°'S)-2',7=(bis)triethylsilyl taxol.
To a solution of 121.3 mg (0.112 mmol) of (2'R,
3'S)-2',7-(bis)triethylsilyl taxol in 6 ml of acetonitrile
and 0.3 ml of pyridine at 0°C was added 0.9 .ml of 48%
aqueous HF. The mixture was stirred at.0°C for 8 h, then
30 at 25°C for 6 h. The mixture was -partitioned between
. saturated aqueous sodium bicarbonate and ethyl acetate.
Evaporation of the ethyl acetate solution gave 113 mg of

SUBSTITUTE SHEET




The pfesent invention is directed to a process for prepar- ing substituted

|soser| ne {g, a9 general, and taxol, taxo- tere and ot her tap@ENS92/07990
der’i vati ves Qﬁﬁiwsare blologlcally active using [err]-lactam (2), the
structure of which is depicted hereinbelow [err]
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material which was purified by £flash chromatography and
recrystallization to give 94 mg (98%) taxol, which was
identical with an authentic sample in all respects.

EXAMPLE 4
5 ' Preparation of taxotere.

To a solution of 7,10-bis-triethylsilyl baccatin

III (200 mg, 0.248 mmol)) in 2 mL of THF at -45 °C was
added dropwise 0.174 mL of a 1.63M solution of nBuLi in
hexane. After 0.5 h at -45 °C, a solution of cis-l1-(tert-

10 butoxycarbonyl)-3-ttiethylsilyloxy-4-pheny1azetidin-z-one
(467 mg, 1.24 mmol) in 2 mL of THF was added dropwise to
the mixture. The solution was warmed to 0 °C and kept at
that temperature for 1 h before 1 mL of a 10% solution of
AcOH in THF was added. The mixture was partitioned between

15 saturated agqueous NaHCO3; and 60/40 ethyl acetate/hexane.
Evaporation of the organic layer gave a residue which was
purified by filtration through silica gel to give 280 mg of
crude 2',7,10-tris-triethylsilyl taxotere.

To a solution of 280 mg of the crude product

20 obtained from the previous reaction in 12 mbL of
acetonitrile and 0.6 mL of pyridine at 0 °C was added 1.8
mL of 48% agqueous HF. The mixture was stirred at 0 °C for

-3 h, then at 25 °C for 13 h, and partitioned between

saturated aqueous sodium bicarbonate and ethyl acetate.

25 Evaporation of the ethyl acetate solution gave 215 mg of
material which was purified by flash chromatography to give
190 mg (95%) of taxotere, which was recrystallized from
methanol/water. All analytical and spectral data were
identical with that reported for taxotere in U.S. Patent

30_.4,814,470.
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-11- ° wherein Rerr], Rerr], Rerr], Rerr] and Rlerr] are as previously -
_ defined. In accordance with the present invention, R err] of [err]-lactam
(2) is premmabloso7COR err] with Rlerr] with Rlerr] being aryl, PEE{ESTABIAN0
p- substituted phenyl, or |ower al koxy, and nost preferably phenyl, nethoxy,

et hoxy, tert-butoxy ("tBuO'; (CHerr])[err]CO), or [err] :
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wherein sz is

5 Preparation of 3'-desphenyl-3'-(2-naphthyl) taxol.

To a solution of 7-triethylsilyl baccatin III
(200 mg, 0.286 mmol) in 2 mL of THF at -45 °C was added
dropwise 0.174 mL of a 1.63M solution of nBuLi in hexane.
After 0.5 h at -45 5C,.a solution of cis-l-benzoyl-3-

10 triethylsilyloxy-4-(2-naphthyl)azetidin-2-one (620 mg, 1.43
mmol) in 2 mL of THF was added dropwise to the mixture.
‘The solution was warmed to 0 °C and kept at that
temperature for 1 h before 1 mL of a 10% solution of AcOH
in THF was added. The mixture was partitioned between

15 saturated aqueous NaHCO; and 60/40 ethyl acetate/hexane.
Evaporation of the organic layer gave a residue which was
purified by filtration thfough silica gel to give 320 mg of
a mixture containing (2'R,3'S)~-2',7-(bis)triethylsilyl-3'-
desphenyl-3'-(2Z-naphthyl) taxdl and a small amount of the

20 (2'S,3'R) isocmer.
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wherefn Xis d, Br, F, CHerr]O, or NJerr]-. Preferably Rerr] and

Rlerr] are, or lower alkyl. Rerr] is preferably aryl, ee§hus92/07990
pr ef er abl yﬂ%&ﬁ% , phenyl,. [err] ' ' _ oS
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To a solution of 320 mg (0.283 mmol) of the
mixture obtained from the previous reaction in 18 mL of
acetonitrile and 0.93 mL of pyridine at 0 °C was added.z.e
mL of 48% agqueous HF. The mixture was stirred at 0 °C for

5 3 h, then at 25 °C for 13 h, and partitioned between
saturated agqueous sodium bicarbbnate and ethyl acetate.
Evaporation of the ethyl acetate solution gave 255 mg of
material which was purified by flash chromatography to give
166 mg (64%) of 3'-desphenyl-3'-(2-naphthyl) taxol, which

10 was recrystallized from methanol/water.

m.p 164-165 °C; [«}25g, -52.6° (c 0.005, CHClj).

‘14 NMR (CDCl;, 300 MHz) § 8.14 (d, J = 7.3 Hz, 2H, benzoate
ortho), 7.96 (m, 1H, aromatic), 7.90 (m, lH, aromatic),
7.85 (m, 2H, aromatic), 7.76 -(m, 2H, aromatic), 7.60 {(m,

15 3H, aromatic), 7.52 (m, 4H, aromatic), 7.41 (m, 2H,
aromatic), 7.01 (4, J = 8.8 Hz, 1H, NH), 6.27 (s, 1lH, H10),
6.26 (dd, J = 9.2, 9.2 Hz, 1H, H13), 5.97 (dd, J = 8.8, 2.5
Hz, 1H, H3'), 5.68 (4, J = 7.1 Hz, 1H, H2B), 4.93 (m, 1H,
H5), 4.92 (m, 1H, H2'), 4.39 (m, 1H, H7), 4.30 (4, J = 8.5

20 Hz, 1H, H20a), 4.20 (4, J = 8.5 Hz, 1H, H20B8), 3.81 (4, J =
7.1 Hz, 1H, H3), 3.60 (d, J = 5 Hz, 1H, 2°OH), 2.48 (m, 1H,
H6a), 2.45 (br, 1H, 70H), 2.39 (s, 3H, 4Ac), 2.30 (m, 2H,
H14), 2.24 (s, 3H, 10Ac), 1.83 (m, 1H, H6B), 1.82 (br s,
34, Mel8), 1.68 (s, 1H, 10H), 1.68 (s, 3H, Mel9), 1.24 (s,

25 3H, Mel7), 1.14 (s, 3H, Mel6).

M&
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wherein X is as previously defined, Me is nethyl and Ph is phenyl.
Preferably err]_1s selected from-OR[err], -SRerr] or -NR ey

wher éi n R[éY&][”’@%#r] and Rlerr], are hydroxy, sulfhydryl, andpg‘]rﬁ\kgﬁilb-’m
protecting groups, respectively, and R err] is hydro- gen, alkyl, alkenyl,

al kynyl, aryl, or heteroaryl. Mst pref- erably, Rerr] is )-ORerr]
wherein Rierr] is triethylsilyl ("TES"), 1-ethoxyethyl ("EE") or

2,2,2-trichl oroet hoxynet hyl . :

10

15

20

34

=2

oy
o g
o
z
o
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9

O mut

n
m

wherein Npl is

- @ | ; //”////////7/}//&/7//77;

To a solution of 7—triethylsikyi-baccatin'III
(200 mg, 0.286 mmol) in 2 mL of THF at -45 °C was added
dropwise 0.174 mL of a 1.63M solution of nBulLi in hexane.
After 0.5 h at -45 °C, a solution of cis-l-begzoyl-3-tri-
ethylsilyloxy-4-(l-naphthyl)azetidin-2-one (620 mg, 1.43
mmol) in 2 mL of THF was added dropwise to the mixture.
The solution was warmed to 0 °C and kept at that
temperature for 1 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 acetates/hexane.
Evaporation of the organic layer gave a residue which was
purified by filtration through silica gel to give 325 mg of
a mixture containing (2'R,3°'S)-2',7-(bis)triethylsilyl-3'-
desphenyl—3'-(l—naphthyl) taxol and a small amount of the
(2'S,3'R) isomer.

SUBSTITUTE SHEET



12 The [err]-l'actam alkyl groups, either alone or with the various

subst i ruen%@g}ddjw her ei nabove are preferably | ower al kyl contPdTHL5§2/07%%
one to six carbon atons in the pr|n0|pal chain and up to 15 carbon atons.
They may be

35

To a solution of 325 mg (0.287 mmol) of the
mixture obtained from the previous reaction in 18 mL of
acetonitrile and 0.93 mL of pyridine at 0 °C was added 2.8
mL of 48% agueous HF. The mixture was stirred at 0 °C.for

5 3 h, then at 25 °C fot.13_h,.and partitioned between
saturated agqueous sodium bicarbon;te and ethyl acetate.
.Evaporatlon of the ethyl acetate solution gave 260 mg of
material which was purlfled by flash chromatography to give
166 mg (64%) of 3'-(l-naphthyl) taxol, which was

10 recrystallized from methanollwater. '

m.p. 164-165 °C;[a}?54,-52.6° (c 0.005, CHCl3).

14 NMR (CDCl,, 300 MHz) § 8.11 (d, J = 7.1 Hz, 2H, benzoate
ortho), 8.11 (m, 3H, aromatic), 7.91 (m, 3H, aromatic),
7.70 (m, 2H, aromatic)}'7.63-7.46 (m, 7H, aromatic), 6.75

15 (a, J = 8.8 Hz, 1H, NH), 6.52 (dd, J = 8.8, 1.6 Hz, 1H,

" H3'), 6.27 (s, 1H, H10), 6.27 (dd, J = 9.1, 9.1 Hz, 1H,

H13), 5.68 (d, J = 7.1 Hz, 1H, H2B), 4.85 (dd, J = 7.6, 2.2
Hz, 1H, HS), 4.97 (dd, J = 1.6 Hz, 1H, H2'), 4.39 (m, 1H,
H7), 4.24 (d, J = 8.5 Hz, 1H, H20a), 4.17 (4, J = 8.5 Hz,

20 1H, H208), 3.80 (4, J = 7.1 Hz, 1H, H3), 3.65 (br, 1H,
2'0d), 2.55 (m, 1H, H6a), 2.48 (br, 1lH, 70H), 2.41 (s, 3H,
4ac), 2.38 (m, 1H, H14), 1.96 (s, 3H, 10Ac), 1.86 (m, 1H,
H6B8), 1.80 (br s, 3H, Mel8), '1.76 (s, 1H, 1OH), 1.69 (s,
3H, Mel9), 1.28 (s, 3H, Mel7), 1.16 (s, 3H, Mel6).
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strai ght or branched chain and include nethyl, ethyl, propyl, isopropyl,

but yl , isob butyl, aryl, hexyl, and the I|iKke. The [eper 6990
al kenyl grouﬂib3@%&% alone or with the various substituents de |ne&§ﬁy

her ei nabove are preferably | ower al kenyl containing fromtwo to six carbon
atons in the principal chain and up to 15 carbon atons. They may be '
strai ght or branched chain and i ncl ude ethenyl propenyl, | sopropenyl,

but enyl, isobutenyl, aryl, hexenyl, and the J, The [err]-lactam

al kynyl groups, either alone or with the vari us substituents defined

her ei nabove are preferably | ower al kynyl containing fromtwo to six carbon

atons in the principal chain and up to 1$§§ﬁgggﬂaatons They nmay be
straight or branched chain and include € ropynyl . butypayl—"""
i sobutynyl, aryl, hexynyl and theoalike. s Shee + Hos Been Replaced

\\\\\l\\\\\\\\\\\\\\\\\\\

O num

Preparation of 3'-~desphenyl-3'-(4-methoxyphenyl)
taxol. :

5 To a solution of 7-triethylsilyl baccatin III
(200 mg, 0.286 mmol) in 2 mL of THF at -45 °C was added
dropwise 0.174 mL of a 1.63M solution of nBuLi in hexane.
After 0.5 h at -45 °C, a solution of cis-l-benzoyl-3-tri-
ethylsilyloxy-4-(4-methoxyphenyl)azetidin-2-one (590 mg,

10 1.43 mmol) in 2 mL of THF was added dropwise to the
mixture. The solution was warmed to 0 °C and kept at that
temperature for 1 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.

15 Evaporation of the organic léyer gave a residue which was
purified by filtration through silica gel to give 320 mg of
a mixture containing (2°'R,3'S)-2',7-(bis)triethylsilyl-3"'-
desphenyl-3'~(4-methoxyphenyl) taxol and a small amount of
the (2'S,3'R) isomer. | |

20 To a solution of 320 mg (0.288 mmol) of the
mixture obtained from the previous reaction in 18 mL of
acetonitrile and 0.93 mL of pyridine at 0 °C was added 2.8

SUBSTITUTE SHEET -



The'rérr]-lactan1aryl noi eti es descri bed, either alone or with various

suhstirueniyg o§ARGP N from 6 to 15 carbon atons and include pherRdT/US92/07990
a- napht hyl or ?err]-naphthyl, etc. Substituents include al kanoxy, protected
hydr oxy, hal ogen, al kyl. aryl, al kenyl. acyl. acyloxy, nitro, am no,

arnido, etc. Phenyl is the nore preferred aryl. As noted above, R err] of

[err]-lactam (2) may be -OR[err] with R err] being al kyl, acyl, ethoxyethyl

("EE"), triethylsilyl ("TES"), 2,2,2-trichlgroethoxynethyl, or other

hydr oxyl protecting group such as acetals and ethers, i.e., nmethoxym ethyl

("MOM'), benzyl oxynmethyl; esters, such as acetates; carbonates, such as

nethyl carbonpiess afgh ablykboa’d Har.y| 1id YhiStGheafabr is@lifbded |3t . 0 °C for
trimethylsilyl, -dimethyl-t-butylsi- |yl, dinpet

hyl aryl si Lyl
~ di et hyl het er darB4 sEPFR &hd 25 i 1S0pP3- 131 Birl y%?g ;i[?a%ttﬁélm?él. RefyPeL: y

of protectingsgtautptddr agd@ous sodium bicarbonate and ethyl acetate.

' ' Evaporation of the ethyl acetate solution gave 255 mg of

5 material which was purified by flash chromatography to give
172 mg (68%) of 3'-desphenyl-3'-(4-methoxyphenyl) taxol,
which was recrystallized from methanol/water.

m.p. 174-176 °C;[a}25y,-48.86° (c 0.05, CHClj).

1H NMR (CDCly, 300 MHz) § 8.12 (4, J = 7.1 Hz, 2H, benzoate

10 ortho), 7.72 (m, 2H, aromatic), 7.59_(m, 1H,'a;omatic),
7.53-7.36 (m, 8H, aromatic), 6.96 (d, J = 8.8 Hz, 1lH, NH),
6.90 (m, 2H, aromatic), 6.26 (s, 1H, H10), 6.21 (dd, J =
9.3, 9.3 Hz, 1H, H13), 5.70 (dd, J = 8.8, 2.7 Hz, 1H, H3'),
5.66 (d, J = 6.8 Hz, 1H, H2B), 4.93 (4d, J = 9.9, 2.2 Hz,

15 1H, HS), 4.74 (ad, J = 5.5, 2.7 Hz, 1H, H2'), 4.39 (m, 1H,
H7), 4.29 (4, J = 8.8 Hz, 1H, H20a), 4.18 (d, J = 8.8 Hz,
1H, H208), 3.78 (d, J = 6.8 Hz, 1H, H3), 3.78 (s, 3H,
ArQMe), 3.67 (d, J = 5.5 Hz, 1H, 2'OH), 2.61 (m, 1lH, Héa),
2.50 (4, J = 4.4 Hz, 1H, 70H), 2.37 (s, 3H, 4Ac), 2.31 (m,

20 2H, Hl4), 2.22 (s, 3H, 10Ac), 1.84 (m, 1H, H6B), 1.79 (br
s, 3H, Mel8), 1.79 (s, 1H, 10H), 1.67 (s, 3H, Mel9), 1.22
(s, 3H, Mel7), 1.13 (s, 3H, MelS).

Yse?\acea -
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hydr okxyl group and t he synthesis thereof may be found in "Protective G oups

in Organic . ? % by T. W Geene, John Wley and Sons, 1981pcfNgse2/07990
hydr oxyl protecCting group sel ected should be easily reaned under
conditions that are : 13-
38
,_,_______________h_
- EXAMPLE 8 Sheet Has Been Replaced
°|l ' il
o o
ph/u\¥ x
H OH

Preparation of 3'—desphenyl-B'4(4-chlorophenyl) t5201.

To a solution of 7-triethylsilyl baccatin III
S (200 mg, 0.286 mmol) in 2 mL of THF at -45 °C was added
' dropwise 0.174 mL of a 1.63M solution of nBuLi in hexane.

After 0.5 h at -45 °C, a solution of cis-l-benzoyl-3-tri-
ethylsilyloxy-4-(4-chloropheny1)azetidin-z-one- (595 mg,
1.43 mmol) in 2 mL of THF was added dropwise to the

10 mixture. " The solution was warmed to 0 °C and kept at that
temperaturé for 1 h before 1 mL of a 10% solution of AcOH
in THF was added. The mixture was partitioned between
saturated aqueous NaHCO5 ahdﬁGO/40 ethyl acetafe/hexane.
Evaporation of the organic layer gave a residue which was

15 purified by filtration fhrough silica gel to give 320 mg of
a mixture containing (2'R,3'S)-2',7-(bis)triethylsilyl
3'-desphenyl-3'-(4- chlorophenyl) taxol and a small amount
of the (2'S,3'R) isomer.

To a solution of 320 mg (0.287 mmol) of the
20 mixture obtained from the previous reaction in 18 mL of
acetonitrile and 0.93 mL of pyridine at 0 °C was added 2.8
mL of 48% aqueous HF. The mixture was stirred at 0 °C for

THIS SHEET HAS BEEN
REPLACED

iSlJEHST1T1JTTE£5P1EI?T




~

sufficiently mld, e.g., in 48%HF, acetonitrile, pyridine, or 0.5% .

HCl fwat er /. e I d/or zinc, acetic acid so as not to disturb

| i nkage or Bpﬁgg‘yﬂggtltuents of the taxol internediate. Fbwever esr/ﬁsﬂm
preferably triethylsilyl, 1-ethoxyethyl or 2,2,2-trichloroethoxynethyl and
nost preferably trlethyIS|IyI. Al so as noted previously, Rerr] may be a
sul fhydryl pro- tecting group and R err] nmay be an am ne protecting group.
Sul f hydryl protecting groups include hemthigacetals such as 1-ethoxyet hyl
and net hoxymet hyl, thioesters, or thiocar- bfat es. Amine protecting groups
I ncl ude carbamates, for exanple 22, 2-trichl oroet hyl carbanmat e. or

tertburyl carbam ‘ate. A variety of sulfhwam ne gt oTeeting groups
Be //II/I///III// ///I /I//eii]ced :
AN

Preparation of 3‘'-desphenyl-3'-(4-bromophenyl) taxol.

To a solution of 7-trlethy1511yl baccatin III

5 (200 mg, 0.286 mmol) in 2 mL of THF at -45 °C was added
dropwise 0.174 mL of a 1.63M solution in nBuLi in hexane.
After 0.5 h at -45 °C, a solution of cis-l-benzoyl-3-tri-
ethylsilyloxy-4-(4-bromopheny1)azetidin—z-one (660 mg, 1.43
mmol) in 2 mL of THF was added dropwise to the mixture.

10 The solution was warmed to 0 °C and kept at that
temperature for 1 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

15 purified by filtration through silica gel to give 330 mg of
a mixture containing (2'R,3‘S)-2',7-(bis)triethylsily1-3'-
desphenyl—B'—(4-bromdpheny1) taxol and a small amount of
the (2°'S,3'R) isomer.

To a solution of 330 mg (0.284 mmol) of the
20 mlxture obtained from the prev1ous reaction in 18 mL of
acetonitrile and 0.93 mL of pyridine at 0 °C was added 2.8
mL of 48% agueous HF. The mixture was stirred at 0 °C for
'3 h, then at 25 °C for i3 h, and partitioned between

sUBSTITUTE SHEET



be-found in the above-identified text by T. W G eene. Since [err]-lactam
(2). has sewepass/gsoyametric carbons, it is known to those skill edCTruS9e/0noeo
t hat the conpounds of the present invention having asymmetric carbon atons
may exi st in diastereonenc, racemmic, or optically active forns. Al of

- these forns are contenplated within the scope of this invention. Mre
~specifically, the present invention includes enantioners, diastereoners,
racem c mxtures, and other mxtures thereofy; [err]-lactam(2) can be

pr epar ed fron1readlly avallable materials. as is illustrated in schenes A
and B bel ow - Schema A [err] :

saturated agqueous sodium bicarbonate and ethyl acetate.
Evaporatidn of the ethyl acetéte solution gave'ZGS mg of
material which was purified by flash chrdmatography to'give
186 mg (64%) of 3'-desphenyl-3'-(4- bromophenyl) taxol,

5 which was recrystalllzed from methanol/water '

m.p. 170-172 °C;[a}25y,-50.94° (c 0.01, CHCl3).

H NMR (CDCl,, 300 MHz) & 8.12 (d, J = 7.2 Hz, 2H, benzoate
ortho), 7.71 (m, 2H, aromatic), 7.61 (m, 1H, aromatic),
7.50-7.47 (m, 6H, aromatic), 7.38 (m, 3H, aromatic), 7.04

10 (4, J = 8.8 Hz, 1H, NH), 6.27 (s, 1H, H10), 6.23 (dd, J =

| 8.2, 8.2 Hz, 1H, H13), 5.75 (&4, J = 8.8, 2.2 Hz, 1H, H3'),
5.66 (d, J = 7.1 Hz, 1H, H2B), 4.94 (dd, J = 9.3, 1.7 Hz,
1H, HS5), 4.75 (dd, J = 2.2 Hz, 1H, H2'), 4.38 (m, 1H, H7),
| 4.29 (4, J = 8.2 Hz, 1H, H20a), 4.18 (d, J = 8.2 Hz, 1H,

15 H208), 3.79 (d, J = 7.1 Hz, 1H, H3), 3.7 (br, 1lH, 2'OH),
2.53 (m, 1H, H6a), 2.38 (br, 1H, 7O0H), 2.37 (s, 3H, 4Ac),
2.30 (m, 2H, H14), 2.23 (s, 3H, 10Ac), 1.87 (m, 1H, H6B8),
'1.80 (br s, 3H, Mel8), 1.80 (s, 1H, 10H), 1.67 (s, 3H,
Mel9), 1.22 (s, 3H, Mel7), 1.13 (s, 3H, Mel§).
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Preparation of 3'-desphenyl-3'-(3,4-methylene-
dioxyphenyl)- taxol. S '

To a solution of 7-triethylsilyl baccatin III

(200 mg, 0.286 mmol) in 2 mL of THF at -45. °C was added
dropwise 0.174 mL of a 1.63M solution of nBuLi in hexane.
After 0.5 h at -45 °C, a solution of cis-l-benzoyl-3-tri-
ethylsilylbxy-4-(3;4-methylenedioxypheny1)azetidin-zfone
10 (610 mg, 1.43 mmol)'in 2 mL of THF was added dropwise to
the mixture. The solution was warmed to 0 °C and kept at
that temperature for 1 h before 1 mL of a 10% solution of
"AcCOH in THF was added. The mixture was partitioned between
saturated agueous NaHCO3 and 60/40 ethyl acetate/hexane.
15 Evaporation of the organic'layer'gave a residue which was
purified by filtration through silica gel to givé 320 mg of
a mixture containing (2'R,3'S)-2'(7-(bi$)tfiethylsilyl—3'—.
desphenyl-3°'-(3,4-methylenedioxyphenyl) taxol and a small
amount of the (2'S,3'R) isomer.

20 ' To a solution of 320 mg (0.284 mmol) of the

mixture obtained from the previous reaction in 18 mL of
acetonitrile and 0.93 mL of pyridine at 0 °C was added 2.8

| | ' ' - THis SHEET HAS BEEN
SUBSTITUTE SHEET ~ REPLACED |
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mL of 48% agqueous HF. The mixture was stirred at 0 °C for
3 h, then at 25 °C for 13 h, and partitioned between
saturated aqueous sodium bicarbonaté and ethyi aéetate,
Evaporation of the ethyl acetate solution gave 113'mg of
material which was purified by flash chromatdgraphy to give
165 mg (64%) of 3-desphenyl-3'-(3,4-methylenedioxyphenyl)
taxol, which was reérystallized from methanol/water.

. m.p. 178-180 °C;[a]25g,-46.6° (c 0.005, CHCls).

s NMR (CDC1;, 300 MHz) § 8.14 (d, J = 7.2 Hz, 2H, benzoate
ortho), 7.72 (m, 2H, aromatic), 7.15 (m, 1H, aromatic),

7.50 (m, 2H, aromatic), 7.38 (m,2H, aromatic), 7.0 (m, 1H,
aromatic), 6.94 (m, 2H, aromatic), 6.88 (4, J = 9.1 Hz, 1H,

'NH), 6.83 (m, 1H, aromatic), 6.28 (s, 1H, H10), 6.23 (dd, J

= 9.1, 9.1 Hz, 1H, H13), 5.97 (s, 2H, methylene), 5.69 (ad,
J = 9.1, 2.5 Hz, 1H, H3'), 5.68 (d, J = 6.9 Hz, 1lH, H2B),
4.95 (dd, J = 9.6, 2.2 Hz, 1H, H5), 4.72 (dd, J = 2.5 Hz,

'1H, H2'), 4.41 (m, 1H, H7), 4.31 (4, J = 8.4 Hz, 1lH, H20q),
4.20 (d, J = 8.4 Hz, 1H, H208), 3.81 (4, J = 6.9 Hz, 1H,

H3), 3.60 (br, 1H, 2'OH), 2.56 (m, 1H, H6a), 2.43 (d, J =
4.1 Hz, 1H, 70H), 2.39 (s, 3H, 4Ac), 2.31 (m, 2H, H1l4),
2.24 (s, 3H, 10Ac), 1.88 (m, 1H, H6B), 1.82 (br s, 3H,
Mel8), 1.69 (s, 1H, 10H), 1.68 (s, 3H, Mel9), 1.24 (s, 3H,
Mel7), 1.15 (s, 3H, Mel6).
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reagents: (a) triethylamne, CHerr]C[err], 25[err] C, 18 h; (b) 4 equiv '
ceri.c anmoniumnitrate, CHerr]CN, -10[err] C, 10 min; (c) KCH THE
HI err] O, '0wW® 93/8@07d n; (d) ethyl vinyl ether, THF, tol uene sul f BAT/USH2/ 97990
(cat.), 0 C., 1.5h; (e) n-butyllithium ether, -78 C., 10 mn; benzoyl
chloride, -78[err] C., 1h; (f) lithium . S
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_Preparation of 3'-desphenyl-3'-(3,4-dimethoxy-
phenyl) taxol.

5 " To a solution of 7-triethylsilyl baccatin III
(200 mg, 0.286 mmol) in 2 mL of THF .at -45 °C was added
dropwise 0.174 mL of a 1.63M solution of nBuLi in hexane.
After 0.5 h at -45 °C, a solution of cis-l-bénzoyl—B—tri—
ethylsilyloxy-4-(3,4-dimethoxyphenyl)azetidin-2-one (630

10 mg, 1.43 mmol) in 2 mL of THF was added dropwise to the
mixture. The solution was warmed to 0 °C and kept at that
temperature for 1 hr before 1 mL of a 10% solution of AcOH
in THF was added. The mixture was partitioned between

- saturated agqueous NaHCO3'ahd 60/40 ethyl acetate/hexane.

15 Evaporétion of the orgahic layer gave a residue which was

purified by filtration through silica gel to give 330 mg of

- a mixture containihg (2'R,3'S)-2',7-(bis)triethylsilyl-3"~
desphenyl-3" -(3.,4- dlmethoxyphenyl) taxol and a small amount
of the (2'S,3"’ R) isomer. '

20 To a solution of 330 mg (0.286 mmol) of the

mixture obtained from the previous reaction in 18 mL of
acetonitrile and 0.93 mL of pyridine at 0 °C was added 2.8
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di i'sopropyl amde, THF -78[err] C. to -50[err]C.; (g) lithium .
hexamet hyl dw® d3pse® THF -78[err] C. to O[err]C ; (h) THF, -78[BCI’[‘}'U592/M>990
25 C., 12 h. The starting materials are readily available. In scheme A
a-acetoxy acetyl chloride is prepared fromglycolic acid, and, in the
presence of a tertiary amne, it cyclocondenses with mnes prepared from

al dehydes and p-net hoxyaniline to gi ve

1- p- met hoxyphenyl - 3- acyl oxy4- aryl azeti di n- 249nes The p- net hoxyphenyl

group can be readily renpved through oxidation with ceric amoniumnitrate,
and the acyl oxy group can be hydrolyzed under standard conditions faniliar

to those expenﬂencequR1HﬁhéﬁﬁstﬁFDFOThdem&ﬂD&re was stirred at 0 °C for

et hoxyet byl Solle niRRe 3% ofRerba A0F h Marfer oot REEES ShpRoRRL TSR
groups suchensah@rateéﬂnwaebyk grodlijum bicarbonate and ethyl acetate.
'Evaporation of the ethyl acetate solution gave 260 mg of
5 material which was purified by flash chromatography to give
175 mg ‘(67%) of 3'-desphenyl-3'-(3,4- d1methoxypheny1)
taxol, which was recrystallized from methanol/water.

m.p. 165-167 °C;[al?5g,-42.0° (c 0.005, CHClj).

14 NMR (CDC13, 300 MHz) 6§ 8.12 (4, J = 8.3 Hz, 2H, benzoate

10 ortho), 7.73 (4, J = 8.2 Hz, 2H, benzamide ortho),
7.65-7.35 (m, 6H, aromatic), 7.1-7.0 (m, 2H, aromatic),
6.94 (d, J = 8.8 Hz, 1H, NH), 6.88 (d, J = 8.3 Hz, 2H,
aromatic), 6.27 (s, 1H, H10), 6.21 (dd, J = 9.3, 9.3 Hz,
1H, H13), 5.69 (m, 2H, H3, H2B8), 4.94 (dd, Hz, & = 9.9, 2.2

15 Hz, 1H, HS), 4.77 (4, J = 2.8 Hz, 1lH, H2'), 4.39 (dd, J =
11.0, 6.6 Hz, 1H, H7), 4.30 (d, J = 8.5 Hz, 1H, H20a), 4.19
(d, J = 8.5 Hz, 1H, H20B), 3.88. (s, 3H, ArOMe), 3.87 (s,
3H, ArOMe), 3.80 (d, J = 7.1 Hz, 1H, H3), 3.59 (4, J = 4.4
Hz, 1H, 2'OH), 2.54 (m, 1H, Hé6a), 2.38 (s, 3H, 4Ac), 2.36

20 . (m, 2H, Hl4a, H14B), 2.23 (s, 3H, 10Ac), 1.86 (m, 1H, H6B),
1.80 (br s, 3H, MelB), 1.68 (s, 3H, Mel9), 1.23 (s, 3H,
Mel7), 1.14 (s, 3H, Mel6).
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or otﬁer trialkyl (or aryl) silyl groups. In Schenme B. ethyl-
a-triethylsilyloxyacetate is readily prepared fromglycolic acid,

racem c [ avQ93/m0r2ns nmay be resolved into the pure enantlonergql’}*'é?r{]/?am
protection by recrystallization of the corresponding

2- et hoxy- 2- (trifluoromethyl) phenyl acetic esters. However, the reaction
descri bed hereinbelow in :

46
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Preparation of N-debenzoyl-N-ethoxycarbonyl taxol.

_ . To a solution of 7-triethylsilyl baccatin III
5 (155 mg, 0.221 mmol) in 2 mL of THF at -45 °C was added
“dropwise 0.136 mL of a 1.63M solution of nBuLi in hexane.
After 0.5 h at -45 °C, a solution of cis-l-ethoxycarbonyl-
3- triethylsilyloxy-4 —phenylazetidin- -one (386 mg, 1l.11
o mmol) in 2 mL of THF was added dropwise to the mixture.
10 The solutlon was warmed to 0 °C and kept at that
) temperature for 1 h before 1 mL of a 10% solution of AcOH
in THF was added. The mixture was partitioned between.
saturated agueous NaHCO3; and 60/40 ethyl acétatelhexane;.
 Evaporation of the organic layer gave a residue which was
15 purified by filtration through silica gel to give 252 mg of
a mixture containing (2'R,3'S)-2',7-(bis)triethylsilyl-N-
debenzoyl-N-ethokycarbonyl taxol and a small amount of the
(2'S,3'R) isomer.

To a solution of 252 mg (0.112 mmol) of the
20 mixture obtained from the previous reaction_in_lz mL of
acetonitrile and 0.6 mL of pyridine at 0 °C was added 1.8
mL of 48% aqueous HF. The mixture was stitre T0—¢€ fuifr
3 h, then at 25 °C for 13 h, and partitioned between

saturated agqueous sodium bicarbonate and ethyl acetate.
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.- 15° - which the [err]-am do ester side chain is attached has the

advant age b §39hdhohi ghl y di astereosel ective, thus permt- ti ngpchmsmom
a racem ¢ mxture of side chain precursor. The 3- (1-ethoxyet hoxy)

- 4- phenyl azeti di n- 2- one of schene A and the

3-(1-triethylsilyl oxy)-4-phenyl azetidin- 2-one of scheme B can be converted
to [err]-lactam (2), by treatnent wth a base, preferably n-butyllithium
and an acyl chloride, alkylchlorofornmate, sidfonyl chloride, phosphinyl
chloride or phosphoryl chloride at -78[err]C. or bel ow The process of
the present invention is particularly useful for the esterification of

mono- or IOOI Yy £ £a FBEROG Al KR! @%%M'&éb?é@er%&ﬁ%%hecbﬂ’ethst AT @
material which was purified by flash chromatography to give
155 mg (85%) of N-debenzoyl-N-ethoxycarbonyl taxol, which
was recrystallized from methanol/water. L

5 m.p. 161.5-162.5 °C; [a]25y,-62.2° (c 0.51, CHClj).

1y NMR (CDC145, 300 MHz) § B8.12 (4, J -.7.7 Hz, 2H, benzoate
ortho), 7.65-7.3 (m, 8H, aromatic), 6.28 (m, 1H, H10)
6.27(m, 1H, H13), 5.67 (4, J = 7.1 Hz, 1H, H2B), 5.53 (4, J

= 9.3 Hz, 1H, H3'), 5.29 (4, J = 9.3 Hz, 1H, NH), 4.94 (da,

10 J = 9.3, 2.2 Hz, 1H, H5), 4.64 (dd, J = 5.0, 2.8 Hz, 1H,
H2'), 4.41 (m, 1H, H7), 4.29 (d, J = 8.5 Hz, 1H, H20a), .
4.17 (d, J = 8.5 Hz, 1H, H20B8), 4.01 (q, J = 7.1 Hz, 2H,
COOCH,CH3), 3.79 (d, J = 7.1 Hz, 1H, H3), 3.45 (4, J = 5
Hz, 1H, 2'OH), 2.54 (m, 1H, H6a), 2.47 (4, J = 3.9 Hz 1H,

15 70H), 2.36 (s, 3H, ‘4Ac),2.24 (s, 3H, 10Ac), 2.22 (m, 2H,
ll4a, H14B), 1.87 (m, 1lH, H6éa), 1.83 (br s, 3H, Mel8), .1.77
(s, 1H, 10H), 1.68 (s, 3H, Mel9), 1.27 (s, 3H, Mel7), 1.15
(s, 3H, Mel6), 1.14 (t, J = 7.1 Hz, 2H, COOCH,CHj).
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[err]” . in which E[err], Eferr] and the carbon to which they are
aLtaChed definé a carbocyclic and/ or hererocyclic skeleton which may be
nono- ﬁ] and E[err] is hydrogcn. or hydrocarbon. prefghiiged e
al kyl . Nbst pre er Iy, t he carbocyclic and/or heterocyclic skeleton
conprises about 6 to 20 atonms and the hetero atons are oxygen. The cyclic
skel eton may be hydrocarbon and/or heterosubstituted with heterosubstitu--
ents including, for exanple, esters, ethers, am nes, alcohols, protected

al cohol s, carbonyl groups, hal ogens, oxygenqasub-

EXAMPLE 13
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Preparation of 3'-desphenyl-3'-(4-nitrophenyl)
taxol. : '

5 _ ' To a solution of 7-triethylsily1 baccatin III
(200 mg, 0.286 mmol) .in 2 mL of THF at -45 °C was added
dropwise 0.174 mL of a 1.63M solution of nBuLi in hexane.
After 0.5 h at -45 °C, a solution of cis-i—behzoy1-3—£ri-
ethylsilyloxy~4-(4-nitrophenyl)azetidin-2-one (610 mg, 1.43

10 mmol) in 2 mL of THF was added dropwise to the mixture.
The solution was warmed to 0 °C and kept at that
temperature for 1 h before 1 mL of a 10% solution of AcOH
in THF was added. The mixture was partitioned between
saturated aqueous NaHCO5 and 60/40 ethyl acetate/hexane.

15 Evaporation of the organic layer gave a residue which was
pufified by filtration through silica gel to give 320 mg of
a mixture containing (2°'R,3'S)-2',7-(bis)triethylsilyl-3'-

- desphenyl-3'-(4-nitrophenyl) taxol'and a small amount of
the (2'S,3'R) isomer. “

20 To a solution of 320 mg (0.284 mmol) of the
mixture obtained from the previous reaction in 18 mL of
acetonitrile and 0.93 mL of pyridine at 0 °C was added 2.8
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stituted oxygen or substituted nitrogen. When the netal al koxi des have

the bi-, trj- racyclic taxane nucl eus, the process of the 7
. . hgaggéggﬁ{ PETASE9Y/0 990

I nvent] on

ageously be used to prepare taxane derivatives, many o

whi.ch have been found-to have significant biological activity. As used
herein, a metal aflcoxide having the bicyclic taxane nucleus has t he
carbocyclic skel eton corresponding to rings A and B of netal al koxide (3)

10

15

20
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mL of 48% aqueous HF. The mixture was stirred at 0 °C for
3 h, then at 25 °C for 13 h, and partitioned between
saturated aqueous sodium bicarbonate and ethyl acetate.
Evaporation of Lhe ethyl acetate solution gave 255 mg of

- material which was purified by flash chromatography to give

147 mg (57%) of 3'-desphenyl-3'-(4-nitrophenyl) taxol,
which was recrystallized from methanol/water.

m.p. 188-190 °C;[«]25,,-63.7° (c 0.01, CHClj).

1 NMR (CDCl;, 300 MHz) § 8.26 (d, J = 8.8 Hz, 2H, benzoate

ortho), 8.20 (m, ZH, aromatic), 7.73 (m, 4H, aromatic),
7.60 (m, 1lH, aromatic), 7.52 (m, 4H, aromatic), 7.41 (m,
1H, aromatic), 7.15 (d, J = 8.8 Hz, 1H, NH), 6.26 (s, 1H,
H10), 6.26 (dd, J = 9.3, 9.3 Hz, 1H, H13), 5.93 (dd, J =
8.8, 2.8 Hz, 1H, H3'), 5.66 (d, J = 6.6 Hz, 1H, H28), 4.94
(ad, 3 = 9.3, 1.7 Hz, 1H, H5), 4.82 (dd, J = 3.9, 2.8 Hz,
1H, H2'), 4.38 (m, 1H, H7), 4.30 (d, J = 8.8 Hz, 1H, H20a),
4.19 (d, J = 8.8 Hz, 1H, H20B), 3.86 (d, J = 3.9 Hz, 1H,
2'0H), 3.79 (4, J = 6.6 Hz, 1H, H3), 2.55 (m, 1H, H6a),
2.46 (d, J = 3.8 Hz, 1H, 7OH), 2.41 (s, 3H, 4Ac), 2.38 (m,
2H, H1l4), 2.23 (s, 3H, 1l0Ac), 1.82 (m, 1H, H6B), 1.80 (br .
s, 3H, Mel8s), 1.74 (s, 1H, 1OH), 1.68 (s, 3H, Mel9), 1.21
(s, 3H, Mel7), 1.13 (s, 3H, Mel6).
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i

Preparation of 3‘-despheny1-3'-(Z-furyl) taxol.

_ To a solution of 7-triethylsilyl baccatin III
5 (100 mg, 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 0.5 h at -45 °C, a solution of cis-l-benzoyl-3-tri-
ethjlsilyloxy44—(z-furyl)azetidin—z-one (266 mg, 0.715
mmol) in 1 mL of THF was added dropwise to the mixture.

10 The solution.‘wés warmed to 0 °C and kept at that
temperature for 1 h before 1 mL of a 10% solution of AcOH
in THF was added. The mixture was partitidned between
saturated aqueous NaHCOj; and 60/40 ethyl acetate/hexane.
'Evaporétion of the organic layer gave a residue which was

15 purified by filtration Ehrough silica gel to give 143 mg of
a mixture containing (2'R,3'S)-2',7-(bis)triethylsilyl-
3'-desphenyl-3'-(2-furyl) taxol and a small amount of the
(2'S,3'R) isomer. ' a

To a solution of 143 mg of the mixture obtained
20 from the previous reaction in 6 mL of acetonitrile and 0.3
mL of pyridine at 0 °C was added 0.9 mL of 48% agueous HF.
The mixture was stirred at 0 °C for 3 h, then at 25 °C for

SUBSTITUTE SHEET



Mand Rerr]-Rerr] are as previously defined. A netal alkoxide having the
tricycli gyw@@?cl eus has the carbocyclic skel eton corresponpCngis$92/07990
ri ngs-—-A, nmetal al kox- ide (3). A netal al kcoxide having the
terayclic taxane nucl eus has carbocyclic rings A. B and C of netal aikoxide
(3) and the oxetane ring defined by Rerr], Rerr], and the carboons to

whi ch they are attached: Preferably, the netal alkoxide used in the-
process of the prsent invention is netal aldoxide (3). Mst preferably,
Rlerr] s -Ol[err]Jor -COCH err]; R err] is hydrogen; R err] and R err]
together forman oxo; Rerr] is -Cﬂ{err]; Rlerr] and Rl err] are hydrogen;

Rierr] .and Rhern], togst nt%ae Lorwbhebat B Yxe%ﬁ.% aéi@@fwlné@ém
an oxet ane rlﬁgrle B?g ghterr err] is PhCIEg Rl.err]
hydr ogen; B hu}drgyeta i@ T[eEproratlon of the ethyl acetate

solution gave 115 mg of ma;erlal which was purified by

flash éhromatography to give 98 mg (81%) of 3'-desphenyl-
5  3'-(2-furyl) taxol, ~which was recrystallized from

methanol/water. '

m.p. 174-176 °C;[al25y,-47.8° (c 0.045, CHClj).

1§ NMR (CDCly, 300 MHz) & 8.14 (4, J = 7.0 Hz, 2H, benzoate
ortho), 7.74 (m, 2H, aromatic), 7.51 (m, 7H, aromatic),

10 6.86 (d, J = 9.2 Hz, 1H, NH), 6.40 (d, J = 1.2 Hz, 2H,
furyl), 6.29 (s, 1lH, H10), 6.24 (dd, J = 9.2, 9.2 Hz, 1H,
H13), 5.89 (ad, J = 9.2, 2.4 Hz, 1H, H3'), 5.69 (d, J = 7.0
Hz, 1H, H2B), 4.96 (dd, J = 9.5, 1.8 Hz, 1H, H5), 4.83 (4,

.~ J = 2.4 Hz, 1H, H2'), 4.42 (44, J = 10.7, 6.7 Hz, 1H, HT),

15 4.31 (4, J = B.6 Hz, 1H, H20a), 4.20 (4, J = 8.6 Hz, 1H,
H208), 3.83 (d, J = 7.0 Hz, 1H, H3), 2.56 (m, 1lH, H6a),
2.43 (s, 3H, 4Ac), 2.35 (m, 2H, Hl4), 2.24 (s, 3H, 10Ac),
1.89 (m, 1H, H6B), 1.87 (br s, 3H, Mel8), 1.87 (s, 1H,
10H), 1.69 (s, 3H, Mel9), 1.25 (s, 3H, Mel7), 1.15 (s, 3H,

20 Mels). |
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and T2 are independent|y hydrogen or hydroxy protecting group. Met al

substituent, M of netal alkoxide (3) is a Goup |IA IIA [IIA |anthanide
or actini de wOaIeggo79r a transition, Goup IIIA |VA VA or VIA PET4US92/07990
Preferably, it is a Goup IA IIAor transition netal, and nost preferably,

it is lithium magnesium sodium potassium or titanti um The net al

al koxi de al kyl groups, either alone or with the various substiuents defined -
her-ei nabove are preferably |ower al kyl containing fromone to six carbon
atons in the principal chain and up to 10 casbon atons. They nay be

strai ght or branched chain and include nethyl, ethyl, propyl, isopropyl,

butyl, isobutyl, tert-butyl, aryl, herxyl; and the like. _
' ' 1aced

“\\ii(\‘\\\\\\\\\\\\\\\\\\\

_ Preparation of 3'-desphen§1-3'—(4-£luorophenyl)
taxol. '

5 To a solution of 7-triethylsilyl baccatin III
(200 mg, 0.286 mmol) in 2 mL of THF at -45 °C was added
'dropwise_0.174 mL of a 1.63M solution of nBuLi in hexane.

~After 0.5 h at -45 °C, a solution of cis-l-benzoy1-3-tri-
ethylsilyloxy;4—(4—f1uofopheny1)azetidin—z-one (570 mg,

10 1.43 mmol) in 2 mL of THF was added dropwise to the
mixture. The solution was warmed to 0 °C and kept at that
temperature for 1 h before 1 mL of a 10% solution of AcOH
in THF was added. The mixture was partitioned between
saturated aqueous NaHCO5; and 60/40 ethyl acetate/hexane.

15 = Evaporation of the organic layer gave a residue which was
purified by filtratidn through silica gel to give 315 mg of
a mixture containing (2'R,3'S)—2',7-(bis)triethyisilyl-3'-
desphenyl—Bf-(4-fluor6pheny1) taxol and a small amount of
the (2'S,3'R) isomer. |

20 To a solutxon of 315 mg (0.286 mmol) of the
mixture obtalned from the previous reaction in 18 mL of
acetonitrile and 0.93 mL of pyridine at 0 °C was added 2.8
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-17':~ The netal al koxi de aIkenyI groups, either -alone or mnth

var,ious suNQ9¥0EMMs defined herei nabove are preferably |ower aP %92’07990
containing fromtwo to six carbon atoms in the principal chain and up to 10
carbon atons. They may be strai ght or branched chain and include ethenyl,

propenyl ,
53

mL of 48% aqueous HF. The mixture was stirred at 0 °C for
3 h, then at 25 °C for 13 h, and partitioned between
saturated aqueous sodium bicarbonate and ethyl acetate.
Evaporation of the ethyl acetate solution gave 250 mg of

5 material which was purified by flash chromatography to give
160 mg (64%) of 3'-desphenyl- 3'—(4- fluorophenyl) taxol,
which was recrystalllzed from methanol/water.

m.p.171-173 °C;[a)]23y,~49.0° (c 0.005, CHClj).

1H NMR (CDC1,, 300 MHz) 6§ 8.13 (d, J = 7.5 Hz, 2H, benzoate
10 ortho), 7.25 (m, 2H, aromatic), 7. 61 (m, 1H, aromatlc),
7.50 (m, 4H, aromatic), 7.43 (m, 2H, aromatic), 7.10 (m,
2H, aromatic), 6.96 (4, J = 8.7 Hz, 1H, NH), 6.27 (s, 1H,
'H10), 6.25 (dd, J = 8.7, 8.7 Hz, 1H, H13), 5.79 (dd, J =
8.7, 2.4 Hz, 1H, H3'), 5.67 (d, J = 7.1 Hz, 1H, H28), 4.45
15 (dd, J = 7.9 Hz, 1H, H5), 4.76 (dd, J = 4.8, 2.4 Hz, 1H,
~ H2'), 4.39 (m, 1H, H7), 4.31 (d, J = 8.9 Hz, 1H, H20a),
4.20 (4, J = 8.9 Hz, 1H, ‘H208), 3.80 (d, J = 7.1 Hz, 1H,
H3), 3.57 (d, J = 4.8 Hz, 1H, 2'OH), 2.58 (m, 1H, Héa),
2.43 (4, J = 4.3 Hz, 1H, TOH), 2.38 (s, 3H, 4Ac), 2.30 (m,
20 2H, Hl4), 2.24 (s, ‘3H, 10Ac), 1.85 (m, 1H, H6B), 1.80 (br
s, 3H, Mel8), 1.69 (s, 1H, 10H), 1.55 (s, 3H, Mel9), 1.23
(s, 3H, Mel7), 1.14 (s, 3H, Mel6).
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| sopropenyl, butenyl, isobutenyl, aryl, hexenyl, and the I|ike. The net al
al koxi de au@@g}omﬁ@ups either alone or with the various subst PCWeU$%2/07990
defi ned herei nabove are preferably lower ailcynyl containing fromtwo to
six carbon atons in the principal chain and up to 10 carbon atons. They nay
be- straight or branched chain and include ethynyl, propynyl, butynyl,

i sobutynyl, aryl, hexynyl, and the |ike. Exenplary alkanoyloxy |nclude
acet at e, propionate, butyrate, val erat e, isyputyrate and the like. The nore
pre- ferred al kanoyl oxy is acetate. The netal al koxide aryl noieties,
either alone or with various substituents contain from6 to 10 carbon atons
and include phenyl, [err]-naphthyl or [gExxdppRphghyl, etc. Substituents

i ncl ude al kanoxy, hydroxy, hal ogen, alkyl, aryl, alkenyl, acyl, acyl oxy,
nitro, amno, am do, etc. Phenyl is the nore : '

This Sheet Has Been Rep laced

L II

Preparation of 3'-Desphenyl-3'-(2-thienyl) taxol.

To a solution of 7-triethylsilyl baccatin III

5 (100 mg, 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 0.5 h at -45 °C, a 501utioﬁ of cis-1-(4-benzoyl)-3-
triethylsilyloxy-4-(2- thlenyl)azetldln-z -one (277 mg, 0.715
mmol) in 1 mL of THF was added dropwise to the mixture.

10 The solution was warmed to 0 °C and kept at that
temperature for 1 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/heiane.
Evaporation of the organlc layer gave a residue which was

15 purified by filtration through silica gel to glve 169 mg of
a mixture conta1n1ng (2'R,3'8)=-2",7- (b15)tr1ethylsllyl—
3'-desphenyl-3'-(2- thlenyl) taxol and a small amount of the
(2's, 3 R) 1somer

To a solution of 169 mg of the mixture obfained
20 from the previous reaction in 6 mL of acetonitrile and 0.3
mL of pyridine at 0 °C was added 0. 9 mL of 48% agqueous HF.
The mixture was stlrred at 0 °C for 3 h, then at 25 °C for -

REPLACED
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preferred tal al koxides (3) are prepared by reacting :
laying. two %L’?@&?Mfl ngs of the taxane nucleus and a C- 13 hydroxy ‘j'rgggghm
wi th an organonetal lic conmpound in a suitable solvent. Preferably, the

al cohol is a derivative of baccatin Il or 10-deacetyl baccatin Ill having
the structure ' . :

55

13 h, and partitioned between saﬁurated aqﬁeous sodium
bicarbonate and ethyl acetate. Evapbnation of the ethyl
acetate solution gave l40_mg of material which was purified
by flash chromatography to give 93 mg (76%) of 3'-desphenyl-
5 - 3'-(2-thienyl) taxol, which was recrystallized from
methanol/water. ' '

m.p. 173-175 °C; [a]23g,-42.1° (c 0.515, CHClj).

lg NMR (CDCl;, 300 MHz) § 8.14 (d, J = 7.1 Hz, 2H, benzoate
 ortho), 7.72 (4, J = 8.7 Hz, 2H, benzamide ortho),
10 7.65-7.35 (m, 6H, aromatic), 7.31 (dd, J = 5.5, 1.1 Hz, 1H,
thienyl), 7.19 (dd4, J =3.9, 1.1 Hz, 1H, thienyl), 7.03 (44,
J = 5.5, 3.9 Hz, 1H, thienyl), 6.96 (4, J = 8.8 Hz, 1H,
NH), 6.28 (s, 1H, H10), 6.24 (dd, J = 8.8, 7.7 Hz, 1H,
~ H13), 6.05 (dd, J = 8.8, 1.7 -Hz, 1H, H3'), 5.68 (d, J = 7.1
15 Hz, 1H, H2), 4.95 (dd, J = 9.3, 1.7 Hz, 1H, H5), 4.78 (d, J
= 2.2 Hz, 1H, H2'), 4.40 (dd,  J = 11.0, 6.6 Hz, 1H, H7T),
4.31 (4, J = 8.5 Hz, 1H, H20e), 4.20 (4, J = 8.5 Hz, 1H,
H208), 3.81 (4, J = 7.1 Hz, 1H, H3), 3.72 (br. s, 1H,
'2°'0H), 2.54 (m, 1H, H6a), 2.41 (s, 3H, 4Ac), 2.37 (m, 2H,
20 Hl4a, H148), 2.23 (s, 3H, 10Ac), 1.88 (m, 1H, Héa), 1.82
(br s, 3H, Mel8), 1.68 (s, 3H, Mel9), 1.23 (s, 3H, Mel7),
1.14 (s, 3H, Mel6). .. :

"l
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EXAMPLE 17 :
Preparation of 2',7-hYd:oxy protected Taxol using
magnesium alkoxide: '

To a solution of 7-triethylsilyl baccatin III
(100 mg, 0.143 mmol) in 1 mL of THF at -45 °C was added

dropwise 0.048 mL of a 3.0 M solution bf methyl magnesium

bromide in ether. After 1 h at -45 °C, a solution of
(+)-cis-l-benzoyl-3-triethylsilyloxy-4-phenylazetidin-2-one

(82 mg, 0.215 mmol) in 1 mL. of THF was added dropwise to

the mixture. The solutidn was warmed to 0 °C and kept at
that temperature for 4 h before 1l mlL of a 10% solution of
AcCOH in THF was added. The mixture was partitioned between
saturated aqueous NaHCOé-and.60/40 ethyl acetate/hexane.
Evaporation of the organic layer gave a'residue which was
purified by flash chromatography followed by recrystalli-
zation to give 148 mg (96%) of {(2'R,3'8)=-2',7-(bis)tri-
ethylsilyl taxol. |

EXAMPLE 18
Preparation of 2',7- hydroxy protected Taxol using
potassium alkoxide: '

To a solution of 7-triethylsiky1 baccatin III
(100 mg, 0.143 mmol) in 1 mL of THF at -45°C was added
dropwise 0.286 mL of a 0.5 M solution of potassium
hexamethyldisilazide in toluene. After 1 h at -45 °C, a
solution of (+)—cis-1-ben2qy1—3-triethylsilyloxy-4—pheny1-'
azetidin-2-one (82 mg, 0.215 mmol) in 1 mL of THF was added
dropwisé to the mixture. The solution was warmed to 0°C
and kept at that temperature for 3 h before 1 mL of a 10%
solution of AcOH in THF was added. The mixture was
partitioned between satﬁrated aqueous NaHCOj3 and 60/40
ethyl'acetate/hexane. 'Evaporation of the organic layer
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wherein T is a hyd tecting group, and Z is -OT Lbd)0
wher &i n L‘?’gé’h@@ ydroxy protecting group, an IS [errlk)ggﬂgﬁ}o?&m

I s .acyl, acetyl, or other hydroxy protecting group.

preferably, the alcohol is a protected baccatin Ill, in particular,
7-O-triethylsilyl baccatin Il (which can be obtained as described by

G eene, et al. in JACS 110, 5917 (1988). or by other routes) or 7,10-bis-O
triethylsilyl baccatin II1. As reported in Geene et al., 10- deacetyl'
baccatin |1l is converted to 7-Otriethylsi$yl- 1 0- deacetyl baccatln I

accordlng to the follow ng reaction scheme: [err]
gave a residue which was purified by flash chromatography
followed by recrystallization to give 139 mg (90%) of
(2'R,3'8)-2',7-(bis)triethylsilyl taxol.

EXAMPLE 19
5 Preparation of 2',7-hydroxy protected Taxol using
lithium alkoxide from lithium hexamethyldisilazide:

| ‘To a solution of 7-triethylsilyi baccatin III
(100 mg, 0.143 mmol) in 1 mL of THF at -45 °C was added
- dropwise 0.143 mL of a 1.0 M solution of lzthxum hexa- :

10 methyldisilazide in THF. After 1 h at -45 °C, a solution
of (f)—cis-l-benzoy1-3-triethylsiIYony-4-pheny1aze£idin;
2-one (82 mg, 0.215 mmol) 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 .

15 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 recrystalli—
zation to give 151 mg (98%) of (2'R,3’ S) 2',7- (bls)trl-

20 - ethylsllyl taxol.

-EXAMPLE 20
Preparation of Taxol using lithium alkoxide (from
lithium hexamethyldisilazide): '

To a solution of Z—triéthylsilyl baccatin III

25 (100 mg, 0.143 mmol) in 1 mL of THF at -45 °C was added

dropwise 0.143 mL of a 1.0 M solution of lithium hexa-
methyldisilazide in THF. After 1 h at 445 °C, a solution
of (+)-cis-l-benzoyl-3- (Z-methoxy-z-prdpyloxy)—4—pheny1e
| azetidin-2-one (58 mg, 0.172 mmol) in 1 mL of THF was added

30 dropwise to the mixture. The solution was warmed to 0°C

S —
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and kept at that temperature for 2 h before 1 mL of a ld%_
solution of AcOH in THF was added. The mixture was

partitioned between saturated aqueous NaHCO,5 and 60/40
ethyl acetate/hexane. Evaporatlon of the organic layer-

-5 gave a residue which was purified by recrystallization to
give 147 mg (99%) of (2 R,3' S) 2'-(2-methoxy—2 propyloxy)-
7- tr1ethy1511y1 taxol.

To a solution of 116 mg (0.112 mmol) of

(2'R,3'S)—2'-(2—methoxy—2-propyloxy)-7-triethylsilyl taxol

10 in 6 mL of acetonitrile and 0.3 mL of pyridine at 0°C was
added 0.9 mL of 48% aqueous HF. The mixture'waé stirred at
0°C for 8 h, then at 25°C for 10 h. The mixture was
partitioned between saturated agqueous sodium bicarbonate.
and ethyl acetate. Evaporation of the ethyl acetate

15 solution gave 113 mg'of'material which was purified by
recrystallization to give 95 mg (99%) of taxol, which was
identical with an authentic sample in all re§pects.

: _

Menthyl N-benzdyl-(z'R,B'S)-phenylisoserine ester.

0
o 3

20

o
=

To a solution of (-)-menthol (22 mg, 0.143 mmol) in 1 mL of
‘THF at -45 °C was added dropwise 0.143 mL of a 1.0 M
solution of lithium hexamethyldisilazide in THF. After 1 h
~ at -45 °C, a solution. of (+)~cis-1l-benzoyl-3-(2-methoxy-2-
25 propylbxx)-4—pheny1azetidin;2-one (58 mg, 0.172 mmol) in 1
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Under what is'regorted to be carefully optim zed conditions, 10-deac%%{I
bagcatin | IWO9306038cted with 20 equivalents of (Jerr]Herr])[ PETAI2/G1990
23 C.-Gnder an argon atnosphere for 20 hours in the presence of 50 m of

pyri di ne/ nmol of 10-deacetyl baccatin Il to provide 7-triethylsilyl-10-
deacetyl baccatin Il (6a) as a reaction product in 84-86%yield after
purification. The reaction product is then acety- lated with 5 equivalents

of CH err]COO and 25 niL of pyridine/ 59

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 _
5 NaHCO3 and 60/40 ethyl acetate/hexane. Evaporation of the
organic layer gave 77_mgfo£-a residue-whiéh was dissolved
in 6 mL of THF at 0°C. To this solution was added 0.9 mL
of glacial acetic acid and .9 mL of water. The mixture was
stirred at 0°C for 3 h, then partitioned between saturated
_ 10 aqueous sodium bicarbonate and ethyl acetate. Evaporation
of the ethyl acetate solution gave 70 mg of material which
was purified by chromatography on silica gel to give 48 mg
(80%) of methyl N-benzoyl-(Z'R,3'S)-phenylisose:ihe ester.
EXAMPLE 22
15 - Bornyl N-benzoyl-(2'R,3'S)-phenylisoserine ester.

o

ke
s

(o]
o
&

o3
8]

This Sheet Has Been Replaced

To a solution of (-)-borneol (22 mg, 0.143 mmol) in 1 mL of
THF at -45 °C was added dropwise 0.143 mL of a 1.0 M
so;ution of lithium hexamethyldisilazide in-THF. After 1 h

20 at -45 °C, a solution of (+)-cis-l-benzoyl-3-(2~methoxy-2-

' propy;oxy)—4-pheny1azetidin—2-one'(58 mg, 0.172 mﬁol) 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.

25 The mixture was partitioned between saturated agueous

SUBSTITUTE SHEET



mol ‘of (6a) at 0 C. under an argon atnosphere for 48 hours to provi de 86%
yi el d of 7VWOt9BYe0RY| silyl baccatin 11l (6b). Geene, et al. inPYAZESI2197990
5917 at 5918 (1988). Alternatively, 7-triethylsilyl-10-deaceryl baccatin
1l (6a) can be protected at C 10 oxygen with an acid-|abile hydroxyl
protecting group. For exanple, treatnent of (6a) with-n-bu- tyllithiumin
THF fol |l owed by triethylsilyl chloride (1.1 nol equiv.) at O[err] C gives
7,10-bis-Otriethylsilyl baccatin 111 (6¢c) é6m 95% yield. Al so, (6a) can be
converted to 7-O triethylsilyl-10-(1-ethoxyethyl) baccatin Ill (6d) in 90%
yield by treatment with excess ethyl vinyl ether and a catal ytic anount of
net hane sul f hFE2REFd 1l amess g prepabamgt iadhsa aresifibeswhiicdd was t @esseheedon

scheme below.in 6 mL of THF at 0°C. To this solution was added 0.9 mL
' of glacial acetic acid and .9 mL of water. The mixture was
stirred at 0°C for 3 h, then partitioned between saturated
5_ aqueous sodium bicarbonate and ethyl acetate. Evaporétion
of the ethyl acetate solution gave 70 mg of material which
was purified by chromatography on 5111ca gel to give 54 mg
(90%) of bornyl N-benzoyl-(2'R,3'S)-phenylisoserine ester.

. EXAMPLE 23
10 .S-verbenyl N-benzoyl-(2'R,3'S)-phenylisoserine
ester. - ' .

//II/I///II /////Ill/fiiced R

O

g:o

(o}
e
o

o3

To a solution of S-cis-verbenol (22 mg, 0.143 mmol) in 1 mL
‘of THF at -45 °C was added dropwise 0.143 mL of a 1.0 M
15 solution of lithium hexamethyldisilazide in THF. After 1 h
. at -45 °C, a solution of (+)-cis-l-benzoyl-3-(2-methoxy-2-
propyloxy)-4-phenylazetidin-2-one (58 mg, 0.172 mmol) in 1
mL of THF was added dropwise to the mixture. The solution
~ was warmed to 0°C and_kept at that temperatufe_for 2 h
20 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. Evaporat1on of the
organic layer gave 79 mg ‘of a residue with was dlssolved in
6 mL of THF at 0°C. To thls solution was added 0.9 mL of
25 glacial acetic acid and .9 mL of water. The mixture was
stirred at 0°C for 3 h, then part1t1oned'between'saturated
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agueous sodlum blcarbonate and ehtyl acetate Evaporation
of the ethyl acetate solutlon gave 70 mg of material which
was purified by chromatography on silica gel to give 55 mg
(92%) of S-verbenyl N-benzoyl-(2'R,3'S)-phenylisoserine

5 ester. ' ' '

EXAMPLE 24
_ Terpinen-4-yl Nébenzqyl-(z'R,3'S)—phenYIisoserine
ester. ' '

et Has Been Replaced

T

2
W,

10 To a solution of (+)-terpinene-4-ol (22 mg, 0.143 mmol) in
' 1 mL of THF at -45 °C was added dropwise 0.143 mL of a 1.0
M solution of lithium hexamethyldisilazide in THF. After 1
h at -45 °C, a solution of {+)-cis-l-benzoyl-3-(2-methoxy-
2-propyloxy)-4-pheny1azetidin-2-one'(58 mg, 0.172 mmol) in
15 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 nﬁxture was partitibned between saturated
aqueeus NaHCO4 and 60/40 ethyl acetate/hexane. Evaporation
20 of the organlc layer gave 80 mg of a re51due which was
dissolved in 6 mL of THF at 0°C for 3 h, then part1t1oned
between saturated aqueous sodium blcarbonate and ethyl
acetate. Evaporatlon of the ethyl acetate solution gave 70
mg of material which was purified by chromatography on _
25 silica gel to give 50 mg (83%) of terplnen -4-yl N-benzoyl-
(2°R,3°'S)-~ phenylxsoserlne ester '

o | THIS SHEET HA
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- 21 - 7-0-triethylsilyl baccatin IIl (6b), 7,10-bis-Otriethylsi

baccatin | WO 98@6p79 or 7-0-triethylsilyl- 10-(1-et hoxyet hyl ) baegﬁwwﬁm
(6d) is reacted with an organonetal |ic. com pound such as n-butyllithiumin
a solvent -such as tetrahy- drofuran (THF), to formthe nmetal al koxide
13-0-lithium 7-Otriethylsilyl baccatin 1 (7b) 13-0-lithium?7,10-bis-O

- 62
EXAMPLE 25

. Isopinocamphenyl N—benZoyl—(Z'R,B‘S)-phenyl;
isoserine ester.

’I'tus Sheet Has Been R
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5 To a solution of (—)-isopinocamphenyl (22 mg, 0.143 mmol)
in 1 mL of THF at -45 °C was added dropwise 0.143 mL of a
1.0 M solution of 1lithium hexamethyldisilazide in THF.
After 1 h at -45 °C, a solution of (+)-cis-l-benzoyl-3-(2-
methoxy-2-propyloxy)-4-phenylazetidin-2-one (58 mg, 0.172

10 mmol) 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

15 of the organic layer gave 77 mg of a residue which was
dissolved in 6 mL of THF at 0°C. To this solution was
added 0.9 mL of glacial acetic acid and .9 mlL of water.
The mixture was stirred at 0°C for 3 h, then partitibned
between saturated équeous sodium bicarbonate and ethyl '

20. dcetate. Evaporation of the ethyl acetate solution gave 70
mg of material which was purified by chromatography on
silica gel to give 53 mg (89%) of isocamphenyl N-benzoyl-
(2'R,3'S)—phenylisoserine'esterf
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triethylsi]yl atin 11l (7c), or 13-0-1ithium7-0- US92/0799
trlethyIS|Y%? %@gf - et hoxyet hyl) baccatln 11 (7d) as shown in Fﬁg .

fol | owi ng reaction schene [err] . ' o -22 -

63

EXAMPLE 26
a-terpineyl N—benzoyl—(Z'R.B'S)—phenylisoserine
_ester. ' : '

T
o.

Pl

OH

=

5 - To a solution of (-)-menthol (22 mg, 0.143 mmol) in 1 mL of

' THF at -45 °C was added dropwise 0.143 mL of a 1.0 M
solution of lithium hexamethyldisilazide in THF. After 1 h
at -45 °C, a solution of (+)-cis-l-benzoyl-3-(2-methoxy-2-
propyloxy)-4—phenylazetidin-2;one (58 mg, 0.172 mmol) in 1

10 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

15 organic layer gave 73 mg of a residue which was dissolved
in 6 mL of THF at O’C; To this solution was added 0.9 mL
of glacial acetic acid and .9 mL of water. The mixture was
stirred at 0°C for 3 h, then partitioned between saturated
agueous sodium bicarbonate and ethyl acetate. Evaporation

20 of the ethyl acetate solution gave 70 mg of material which
was purified by chroméfography on silica gel to give 48 mg
(80%) of a-terplneyl N-benzoyl-(2"' R 3'S) -phenylisoserine
ester.
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As illustated in the followi ng reaction schene, a suitable netal alkoxide
of .the predWGt93ve6s0IAti on such as 13-0- lithium7-0-triethylsilyP@AALS2407990
1l derivative (7b, 7c, or 7d) reacts with a [err]-lactam of the present
i nvention to provide an internediate (8b, 8c, or 88) in which the C7
hydroxyl group is protected with a triethylsilyl or 1-ethoxyethyl group.
[err] : S ' _

64

.~ EXAMPLE 27
Preperation of 2',7-hydroxy protected Taxol using
sodium alkoxide:

. Tp a solution of 7-triethylsilyl baccatin III

5 (100 mg, 0.143 mmol) in 1 mL of THF at -45°C is added
dropwise 0.143 mL of a 1 M solution of sodium hexamethyl-
‘disilazide in THF. After 1 h at =45 °C, a solution of
(+)-cis-l-benzoyl-3-triethylsilyloxy-4-phenylazetidin-2-one
(82 mg, 0.215 mmol) in 1 mL of THF is added dropwise to the

10 mixture. The'solution is warmed. to 0°C and kept at that
temperature for 3 h before 1 mL of a 10%'solution of AcOH
in THF is added. The mixture is partitioned between
saturated agueous NaHCO3 and 60/40 ethyl acetate/hexane
Evaporation of the organic layer gives a residue which is

15 purified by flash chromatography followed by recrystalli-
zation to give 108 mg (70%) of (2'R,3'S)-2',7-(bis)tri-
ethylsilyl taxol.
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- 23 - T\}(p EE‘TH ate conpound (8b) readil'y convert to taxol wegnusSbeordoo
is . ~-OR err %?3 and Rlerr] are hydrogen, Rerr] is phenyl, Rerr] is
benzoyl and Rlerr] is a hydroxy protecting group such as triethylsilyl.-
I nt er medi at e conpound (8c) readily converts to taxotere when Rerr] is
-OR[err], Rerr] and R err] are hydrogen, R err] is phenyl, Rerr] is
tert but oxycarbonyl and Rlerr] is a hydroxy'égcnecting group such as
triethylsilyl. Internmediate com pound (8d)"teadily converts to 10
-deacetyl taxol when Rlerr] is -ORlerr], Rerr] and Rlerr] are hydrogen;,
Rlerr] is phenyl, Rerr] is benzoyl, EZAMELE.Z& : -

Preparation of N-debenzoyl-N-(4-chlorobenzoyl)
taxol. '

5 To a solution of 7-triethylsilyl baccatin III
(200 mg, 0.286 mmol) in 2 mL of THF at -45 °C was added
dropwise 0.174 mL of a 1. 63M solution of nBuL1 in hexane.
After 0.5 h at -45 °C, a solution of (+)-cis-1- (4-chloro-
benzoyl)-3-triethylsi1yloxy—4-phenylazetldln-z-one (215 mg,

10 0.515 mmol) in 2 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 60740 ethyl acetate/hexane.

15 Evapofation of the orgahic layer gave a residue which was

- purified by filtration thfough silica gel to give 320 mg of
crude (2'R,3°'S)-2',7- (bls)trlethyls11y1-N—debenzoy1 -N-(4-
chlorobenzoyl) taxol
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and Rlerr] is a hydroxy protecting group such as triethylsilyl. _ .
| nt.er medi atwpoaapgyay9ds (8b, 8c and 8d) may be converted to the ipiet/gRioefh799¢
conpounds by hydrolyzing the triethylsilyl and 1-ethoxyethyl groups under
mld conditions so as not to disturb the ester |inkage or the taxane
derlvatlve substitu- ents. [err] :

66

To a solution of 320 mg (0.286 mmol) of this
crude product in 18 mL of acetonitrile and 0.93 mL of
pyridine at 0 °C was added 2.8 mL of 48% aqueous HF. The

. mixture was stirred at 0 °C for 3 h, then at 25 °C for 13
5 h, and partitiohed between saturated aqueous sodium
bicarbonate and ethyl acetate. Evaporation of the éthyl
-acetate solution gave 252 mg of material which was purified
- by flash chromatography to give 213 mg (B84%) of N-debenzoyl-
N-(4-chlorobenzoyl) taxol, which was recrystallized from
-10 methanol/water.

m.p. 179-181 °C; [a]?5y.-49.8° (c 0.01, CHCl,).

1H NMR (CDC13, 300 MHz) § 8.12 (d, J = 7.1 Hz, 2H, benzoate
ortho), 7.64 (m, 2H, aromatic), 7.60 (m, 1H, arométic),
7.49 (m, 9H, aromatic), 7.03 (d, J = 8.8 Hz, 1H, NH), 6.26
15 (s, 1H, H10), 6.21 (dd, J = 8.2, 8.2 Hz, 1H, H13), 5.76
(dd, J = 8.8, 2.2 Hz, 1H, H3'), 5.66 (4, J = 7.1 Hz, 1H,
H28), 4.92 (dd, J = 9.9, 1.1 Hz, 1H, HS), 4.77 (dd, J =
5.5, 2.2 Hz, 1H, H2'), 4.38 (m, 1H, H7), 4.29 (d, J = 8.8
Hz, 1H, H20a), 4.18 (d, J = 8.5 Hz, 1H, H208), 3.78 (d, J =
20 6.6 Hz, 1H, H3), 3.35 (d, J = 5.5 Hz, 1H, 2'OH), 2.55 (m,
 1H, H6a), 2.49 (d, J = 4.2 Hz, 1H, 70H), 2.36 (s, 3H, 4Ac),
2.28 ‘(m, 2H, H14), 2.22 (s, 3H, 10Ac), 1.85 (m, 1H, H68),
1.77 (br s, 3H, Mel8), 1.76 (s, 1H, 10H), 1.67 (s, 3H,
Mel9), 1.22 (s, 3H, Mel7), 1.13 (s, 3H, Mel6).

'\
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O her taxane derivatives may readily be prepared by selection of the proper
substitueniyo BBasbio Rlerr] of [err]-lactam (2) or R err]-R err] pgT/usvai7990
al koxi de (3). The preparation of such other conmpounds is illustrated in the .
exanpl es which foll ow Bot h the conversion of the al cohol to the netal

al koxi de and the ultimte synthesis of the taxol can take place in the sane
reaction vessel. Preferably, the [err]-lactamis added to the reaction

vessel after formation therein of the netalgql koxide. The organonetal lic
conpound n- butyllthlu refer- ably used to convert the al cohol to the
correspo aIkOX| e, but other sources of netallic substiuent such
as I|th|un1dgh§ de ot her |i tdyAMPIOF F@gnesi um am des,
ethylnagn thylnagne5|un1bro- m de, ot her :
organollth t her organomagne- sium conpogaels, organosodi um
organotltanl Ph O 0

OH

Preparation of Nedebenzoyl-N-(4-t-butylbenzoyl)
taxol. ' '

5 To a solution of 7-triethylsilyl baccatin III
(200 mg, 0.286 mmol) in 2 mL of THF at -45 °C was added
dropwise 0.174 mL of a 1.63M solution of nBuLi in hexane.
After 0.5 h at -45 °C, a solution of (+)-cis-l1-(4-t-butyl-
benzoyl)-3-triethylsilyloxy;4-phehy1azetidin-z;one (226 mg,

10 0.515 mmol) in 2 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.

15 Evaporation of the organic layer gave a residue which was
purified by filtration through silica gel to give 330 mg of
crude (2'R,3'S)-2',7-(bis)triethylsilyl-N- debenzoyl—N (4-
t-butylbenzoyl) taxol. '

To a solution of 330 mg (0.289 mmol) of this
20 crude product in 18 mL of acetbnitrile and 0.93 nL of
' pyridine at 0 °C was added 2.8 mL of 48% aqueous HF. ‘The
mixture was stifred at 0 °C for 3 h, then at 25 °C for 13
h, and partitioned between saturated aqueous sodium
bicarbonate and ethfl acetate. Evaporation of the ethyl

SUBSTITUTE SHEET
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- 24° nozi r coni um or ganozi nc, or ganocadm um or .
organopotaﬁﬁbggb%ﬁgéhe correspondi ng am des may al so be-used.  pc1/US92/07990

Or ganonet al

unds are readily available, or nay be prepared by

avai | abl e nmet hods incl udi ng reduction

10

15

68

acetate sblution gave 260 mg of material which was purified
by flash chromatography to give 240 mg (92%) of N-debenzoyl-
N—(4-t—butylbenzoy1) taxol, which was recrystallized from
methanol/water. '

m.p. 171-173 °C; [a]23g,-49.1° (c 0.05, CHCly).

14 NMR (CDCl,, 300 MHz) § 8.13 (d, J = 7.1 Hz, 2H, benzoate '
ortho), 7.76-7.25 (m, 12H, aromatic), 6.98 (4, J = 8.8 Hz,
1H, NH), 6.27 (s, 1H, H10), 6.21 (dd, J = 8.8, 8.8 Hz, 1H,
H13), 5.77 (44, J = 8.8, 2.7 Hz, 1H, H3'), 5.67 (d, J = 6.6
Hz, 1H, H2B), 4.94 (ad, J = 9.3, 1.2 Hz, 1H, H5), 4.78 (44,

J = 4.4, 2.7 Hz, 1H, H2'), 4.38 (m, 1H, H7), 4.29 (d, J =
8.2 Hz, 1H, H20a), 4.20 (d, J = 8.2 Hz, 1H, H208), 3.79 (4,

J = 6.6 Hz, 1H, H3), 3.65 (4, J = 4.4 Hz, 1lH, 2'OH), 2.57
(m, 1H, H6a), 2.48 (d, J = 4.1 Hz, 1H, 70H), 2.37 (s, 3H,
4Ac), 2.31 (m, 2H, H14), 2.22 (s, 3H, 10Ac), 1.85 (m, 1H,

H6B), 1.79 (br s, 3H, MelB), 1.68 (s, 1H, 1OH), 1.68 (s,

3H, Mel9), 1.29 (s, 9H, ArtBu), 1.23 (s, 3H, Mel7), 1.13
(s, 3H, Mel§). ' '
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of oFganlc halides with netal. Lower alkyl hal i des are preferred. For
buwegl93pesaTode can be reacted with lithiumnmetal in di et IGT/USRENTI90
to give a solution of n-butyl- lithiumin the follow ng manner [err]
CH err]CH err]CH err]CH err]Li + LiBr Alternatively, the l'ithium -
al koxi de may be induced to undergo exchange with netal halides to form
- al koxi des of al um num boron, cerium calcium zirconiumor zinc.
Al t hough THF is the preferred solvent for tlge reaction m xture, other
sol vents, such as di met hoxyet hane, or- aromatic solvents nmay al so

exanpl e,

et her eal

be suitable.
straight -

10

.15

20

Cert'ain solvents, including sone hal ogenated sol vents and sone

CH,0

Preparation of N-debenzoyl—N- ( 4-methoxybenzoy1) -
3'-desphenyl-3'-(4- fluorophenyl) taxol.

To a solution of 7-triethylsilyl baccatin III
(200 mg, 0.285 mmol) in 2 mL of THF at -45. °C was added
dropwise 0.175 mL of a 1.63M solution of nBulLi in hexane.
After 0.5 h at -45 °C, a solution of cis-l1-(4-methoxy-
benzoyl)-3-tfiethylsilyloxy;4-(4-f1uoropheny1)azetidin-
2-one (614 mg, 1.43 mmol) in 2 mL of THF was added dropwise
to the mixture. The solution was warmed to 0 °C and kept
at that temperature for 1 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
acétate/hexane._ Evapdration of the organic layer gave a°

'residue which was purified by filtration through silica gel

to give 362 mg of a mixture containing (2'R,3°'S)-2',7-
(bis)triethylsilyl-N-debenzoyl-N-(4-methoxybenzoyl)-3'-
despheny1-3‘-(4—f1uorophen&1) taxol and a small amount of
the (2'S,3'R) isomér. | |

;hh‘;ﬁﬁ“;‘;‘-;-;\‘_.
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chai n hydrocarbons in which the reactants are too poorly soluble, are not
suitabl e. Owipey3seel?9ents are not appropriate for other reasons. BGF/US92/07990
exanple, esters are not appropriate for use with certain organonetallic
conpounds such as n-bu- tyllithiumdue to inconpatibility therew th.

Al t hough the reaction schene disclosed herein is directed to the synthesis
of certain taxol derivatives, it can be used with nodifications in either
~the [err]-lactamor the tetracyclic netal. atgoxi de. Therefore netal

al koxi des other than 13-0- lithium7-Otriethylsilyl baccatin I1] nay.be
‘used to forma taxol internediate according to the nmethod of this

I nventi on. The proces@aﬁatﬂelunyeanﬂ1zﬂzomgasfthmermxxtwmm abtaingde

of peing Ni gy ofl AHLIRAAREL! YeacdRBRCLAl 97 3aeBe 42 &%@mi thggsiods
chain precursors may use u al "cost” savings nmay be realize
because t her emLsoffopyridine at 0 °C was added 1.8 mL of 48% agqueous HF.
The mixture was stirred at 0 °C for 3 h, then at 25 °C for
5 13 h, and partitionéd between saturated agueous sodium
" bicarbonate and ethyl acetate. Evaporation of the ethyl
acetate solution gavé 269 mg of material which was purified
- by flash chromatography to give 183 mg (71%) of N-debenzoyi-
N-(4-methoxybenzoy1)—3'-desphenyl-B'-(4-f1uoropheny1)
. 10 taxol, which was recrystallized from methanol/water.

m.p. 172.5-174.5 °C;[a]25y,~47.0° (c 0.0044, CHClj).

14 NMR (CDCl;, 300 MHz) § 8.13 (4, J = 7.2 Hz, 2H, benzoate
ortho), 7.7-7.4 (m, 9H, aromatic), 7.10 (dd, J = 8.8, 8.8
Hz, 2H, aromatic), 6.97 (d, J = 8.8 Hz, 1H, NH), 6.27 (s,

15 1H, H10), 6.23 (dd, J = 8.8, 8.8 Hz, 1H, H13), 5.76 (dd, J

= 8.8, 2.2 Hz, 1H, H3'), 5.67 (4, J = 7.1 Hz, 1H, H2B),
4.94 (dd, J = 9.9, 2.2 Hz, 1H, H5), 4.75 (dd, J = 4.4, 2.2
Hz, 1H, H2'), 4.39 (m, 1H, H7), 4.31 (d, J = 8.5 Hz, 1H,
H20a), 4.19 (d, J = 8.5 Hz, 1H, H208), 3.79 (4, J = 7.1 Hz,

20 1H, H3), 3.59 (d, J = 4.4 Hz, 1H, 2'OH), 2.54 (m, 1H, Hé6a),
2.47 (4, J = 4.4 Hz, 1H, TOH), 2.36 (s, 3H, 4Ac), 2.30 (m,
2H, Hl4a, H14B), 2.24 (s, 3H, 10Ac), 1.88 (m, 1lH, Hé6a),
1.78 (br s, 3H, MelB), 1.74 (s,.1H, 1OH), 1.68 (s, 3H,
Mel9), 1.23 (s, 3H, Mel7), 1.14 (s, 3H,-M¢16).

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,.itlis intended that all matter contained

30 in the above description be interpreted as illustrative and
not in a limiting sense. S
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need to resolve racernic [err]-Ilactans into their pure enanti- oners.
Addi+itnal cost sayings may be realized because |ess side chain precursor
e.g., 60-70%less, is required relat%&g_to prior processes.

-25 - T _

CLAIMS

1. . A process for the preparation of a substituted
isoserine ester having the formula '

RN O N

RgRy O -

. h
| oy
R,NH/S<></H\U—4}—52
| Ry By ?

comprising reacting a B-lactam with a metal alkoxide, the R-
lactam having the formula

gs\.N__éo :

and the metal alkoxide having the formula
MOCElEzE3
wherein _ . :
Mis é metal,
Rl is ‘ORG, -SRF’, or "NRng;
32 is hydrogen, alkyl, alkenyl, alkynyl, aryl,
or heteroaryl; - ' '
Ry and Ry are independently hydrogen, alkyl,
alkenyl, alkynyl, aryl, heterocaryl, or acyl, provided,
however, that Ry and R, are not both acyl,
Rg is -CORjq. -COOR;q, -COSRjq, -CONRgRg,
Rg is hydrqgen< alkyl, alkenyl,_akanyl, aryl,
" heteroaryl, hydroxy protecting group, or a functional group
which increases the water sglubility of the taxane
- derivative,

I e
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The mater sol ubility of conpounds of fornula (1) may :beThisghQ¥ekL

sORlecr] and Rlerr] is -Offerr], and Rlerr] and/or T ee “xd
fu_nct i onal group which increases sol ubi | i ty, such as - ,H in -
G is -ethyl ene, propylene, CHCH, 1,2-cyclohexane, or 1, 2-

Rlerr]=OH base. NRer]rRerr], OR e S OCHCON OH
Rl err] =hydrogen. nethyl R[err]— CﬁFer]?{S;;}NR[err]Rngii]?[err]
gﬂﬂﬁwntwew]%ﬁg]TeHLNeqéﬂerLE}1tm3ﬂew]kwmomm | ower

yl cont ai ni ng o] car bons err]= rogen, | taini 1
"to 4 carbons, "benzyRy HyededigEihyal ke{gﬂ[]e'r ?a} r@?ﬁ%ﬂﬂfwﬁ@?ﬁ%ﬁ%@?hw
: R[err]R[eré}:ggw@hy@ﬂym ﬁyagégﬂlﬂgggkdup carbons, benzyl or Rerr]

Rg is hydrogen, alkyl, alkenyl, alkynyl, aryl,
or heteroaryl

Ry is an amino protecting group;

Rqiq 1is alkyl, alkenyl, alkynyl, aryl, or
heteroaryl;

Ry, is alkyl, alkenyl, alkynyl, aryl,
heteroaryl, -OR;qg, Or -NRgRq,.

Ry, and R;5 are independently alkyl, alkenyl,
alkynyl, aryl, heteroaryl, -OR,q, Or -NRgRj,,

R;4 is hydrogen, alkyl, alkenyl, alkynyl, aryl,
or heteroaryl; and :

E,, E; and E3 are 1ndependent1y hydrogen,
hydrocarbon or cyclic, provided, -at least one of E;, E5 and
E; is other than hydrogen.

2. A process according to claim 1, wherein the
carbon to which E;, E, and E3 are attached is a secondary or
tertiary carbon.

3. A process according to claim 1 or claim 2,
wherein at least one of Eq, Eq and Eq comprises a
carbocyclic skeleton.

4. A process according to claim 1, wherein two of
E,, E5 and E5 together with the carbon to which they are
attached comprise a polycyclic skeleton. '

5. A process according to claim 4, wherein two of
E,, Eg and E5 together with the carbon to which they are
attached comprise a polycarbocyclic skeleton consisting of
carbon and oxygen atoms.

//T\'\t

Ty

T
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=énd Rl«err] together with the nitrogen atomof NR[err]Rerr] formthe
“fol lsowi ng rings N N N [err]

- 73 -

6. A process according to any cne of claims 1 to 5,
wherein the metal alkoxide has the following formula

0y gy

MO

(3

wherein T; is a hydroxy protecting group, and Z
is -OCOCH3 or -OT,; wherein T, is a hydroxy protecting group.

7. A process for the preparatlon of a taxane

derivative comprising:

_ providing a metal alkoxide having the formula

MOCE, E,E;, | | | -
reacting the metal alkoxide dwith a R-lactam to

form an intermediate, the R-lactam having the formula:

2

wherein .

one of Ei, E, and E; is hydrogen and the other
two of E;, E, and E3 together with the carbon to which they
are attached comprise a polycyclic skeleton; and

_ M and R; to R14 have the same meanings as in

claim 1; and

converting said intermediate to the taxane
derivative. '

-

eet Has Been Replaced

\\l\\!\\\\\\\\\\\\\\\ [




L
2 ~
i >

s

Rlerr]™ ower alkyl containing 1 or 2 carbons, benzyl X [err]=halide.
base=NHlerr], (HOC[err]lH err])[err]IN, N(CH err])[err],
CHerr]N(Clerr]Herr]OH[err], NH err] (CH err])[err]NH err],

‘N- et hyl gl ucam ne, NaOH, KOH.. - 74 - :

8. A process according to claim 7, wherein
Rl is- -ORG'
9. ‘A process according to claim 7 or c¢laim 8,

" wherein R, and R, are hydrogen or lower alkyl, Ry is aryl,
Ry is -ORg, and Rg is a hydroxy protecting group.

10. A process according to claim 9, wherein R, is
phenyl and R; is -ORg wherein Rg is triethylsilyl,
ethoxyethyl, or 2,2,2-trichloroethoxymethyl.

11. A process accoxding to any one of claims 7 to
10, wherein the metal alkoxide is a metal alkoxide of 7-
protected baccatin III.

12. : A process according to any one of claims 7 to
11 whereln M is Li, Mg, Na, K or Ti.

13. A process according to any one of claims 7 to
12, wherein the metal alkoxide is derived from an alcohol
‘having the formula:

HOum

| MWV
* [ L M S *

wherein T, is a hydroxy protecting group, Z is -OT,, and T,
is acetyl or hydroxy protecting group. :

14. A prgcéss according to any one of claims 7 to
13, wherein the metal alkoxide has the following formula:
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- 26°x3--  The preparation of conpounds in whi ch Rlerr] or T[err] is -COG

CORkerr] is set forth in Hangwitz U S. Pat No. 4,942,184 which is

}|ncorp0{ated herei n by reference. The followi ng exanples illustrate the
i nventton. EXAMPLE 1 Preparati on of.
2" -ethoxyethyl -7-triethylsilyl taxol, and subseq from

R b by o o e ek AT i Wlﬂﬂmﬂﬁfl []

(3

wherein Z is -OCOCH, or -OT, wherein T, is a
hydroxy protecting group and M is selected from the group
comprising Li, Mg, Na, K and Ti.

1s5. " A process according to any one of claims 7 to
14, wherein the R-lactam has the formula:

o]

N, P

BE
l4 3
N\

Ph ORg

ox: . - is Sheet Has Been Replaced -

. HIllllHlIIl\\\\I\IHII\

(CHy) 3c°/an-——4//J

N\
Ph ORg

wherein Rg is a hydroxy protecting group.

16. A process according to any one of claims 7 to
15, wherein Rg is a hydroxy protecting group selected from
triethylsilyl, ethoxyethyl, 2,2,2-trichoroethoxymethyl,
trimethylsilyl, dimethyl-t-butylsilyl, dimethylarylsilyl,;

.THIS SHEET HAS BEEN
REPLACED




m of -a 0.164M sol ution of nBuLi in hexane. After 30 min at -78[err] C, a

“gotution of cis- 1 -benzoyl - 3-(} 1 # et hoxyet hoxy)- 4-phenyl azeti di n-2-one

‘(47~5 WQ 0.14 mmol) in 1 m ofyTHF was added dropwi se to the nmixture. The.

sol ut™on was allowed to sIomAy ma (over 1.5 h) to O[err] C. and was then

w\s’t”\ls\red at 0 C. for | hand | ni g%g%solutlon of AcOH ig THF was

;added The m xture was partltloped “betveen sat urat ed agueous NaHCJ err] and

60/ 40 ethyl acetate/hexane. Evaporation of the organi c layer gave a residue

“whi ch was purlfled by flash chromat ography to give 23 ng (80% of (2 R,

3' S) - 2' - et hdkyethylLhetericayllssiliyll, taa»dnltzandscﬁﬂfppmquﬂa% of

.2',3 -epi(2'S, 3R -2'-ethoxyethyl-7-triethylsilyl taxol. A 5 ng sanple

of (2R 3 S -2' -ethoxyethyl - 7-triethylsilyl taxol was dissolved in 2 ni

Of et hanol ,14nd 0.5 n &f PFos®sSs according to claim 16, wherein Reg is a
hydroxy protecting group selected from triethylsilyl, 1-

_ ethoxyethyl, and 2,2,2-trichloroethoxymethyl.
18. A process according to any one of claims 7 to

\ 17, wherein said B-lactam is provided as a racemic mixtur
| of R-lactam.

Ry
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aqueous HCl- solutlon was added The mxture was stirred.at 0 C. flor 30 h
and dilluted withi50 nf of etk acetate “The sol ution was extracted with 20
m -of satwyrated aqueous sodi solutlon sodi'um

sul fate and concentrated. -Th
raphy to provide 4.5 ng (ca.
authentic sanple in all respects.” A2 N

2',3" -epi (2% 3 R -2 -ethoxyethyl - 7-ti- ethylsilyl ft xo?rhﬁéYdﬁggolv din
2 m of ethany and 0.5 m of 0:5% aqueous HCl solu
m xture was.-stirred at 0 C. .for 30 h and diluted with 50 m o

acetate. The solutlon was extracted with 20 m of sa E
PREPA N _OF SUBSTITUTED ISOSERINE ESTERS

USING METAL ALKOXIDES AND B-LACTAMS

BACKGROUND OF THE INVENTION

Three esters of N-acyl phenyl isoserine, taxol,
taxotere and cephalomannine have been found to.poésess
significant properties as antitumor agents. This
application describes a process for the preparation of
N-acyl, N-sulfonyl and N-phosphoryl substituted isoserine
esters, in general and to a semi-synthesis for the

) preparatien of taxane derivatives such as taxol, taxotere

and other biologically active derivatives involving the use
of metal alkoxides and B-lactams, in particular.

fhe 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:

e OAc
CSHSCOBETH a o JRL! 19 OH .
A\__: Y Somumas s (D
CeHs = 14/,
OH & 9
R 2SN\ 2
OH £H $x‘“\
S OAcY,-0
PhCcco
I
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-27 - aqueous sodi um bi carbonate solution, dried _over sodiumsulfate and

4.5 ny (ca.969@ of 2',3" -epi- taxol

wherein Ph is phenyl and 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 by the bark from Taxus brevifollia
(Western 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
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.

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:

_—
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Preparation of 2',7-(bis)triethylsilyl taxol; and ~subsequent |y
t axol , fron1racen1c [err]-lactam To a solutlon of [r- et h

baccatin |11 (100mg, 0.143 mol of THF at -4§ﬁflAvaﬁ4
dropwi se 0.087 m of a 1./63W ' ¢ AL
-45[err] C., a solution af CIS?&POW 34t ri et hyl 5i

| azeddi n- 2-one (274 ny, in1m of THF
the m xture. The solution was allowed to warmto 0/C.
1 h. Onenm of a 10% solution of AcOH in THF was
partitioned between saturated aqueous NaHCO err] and
acet at e/ hexane. Evaporation of the organic |ayer gave a reS|du- v
pur| fied by lf0-siete adtryohrabageatiyn f DI L odesd hyre ecrepstidiyt | aneidabile dilvan 131

19 (89 Of ekdt SimdaZie” ddH ShL bBLM U Y rdf*Ehe? Wt dW 42080105
baccata. According to the method of Greene et al.,
10-deacetyl baccatin III is converted to taxol by
attachment of the C-10 acetyl group and by attachment of
the C-13 pB-amido ester side chain through the
esterification of the C-13  alcohol with a B-amido
carboxylic acid unit. Although this approach requires

2!

relatively few steps, the synthesis of the B8-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 1is reguired in every contemplated
synthesis of taxol or biologically active derivative of
taxol, since it has been shown by Wani, et al. in JACS 33,.
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).

(IID)
co0

2 ?H'R' *
CgHs—CH-R ' '
. 3
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R' represents hydrogen or acetyl and one of R" and R"’
represents hydroxy and the other represents tert-butoxy-

OCOCH,

OCOC, Ky



epi(2'S,3'R)-2',7-(bis)triéthy|si|y| t axol . To a sol uf
(0.112 mmol ) of (2R, 3'§)-2', 7- (bls)trleth I

acetonitrile and 0.3 m of pyridine smas added (. 9 Oﬁgéﬁbous

HF. The mixture was stirred .ﬁgﬁsS“ﬁWA_ then at 23[ ¢r %pgy f or f
~The mixture was partitioned betweeckEE aqueous gofli U éﬁﬂmgna e

and et hyl acetate. Evaporatio t he ethyl acetate sof utten._gave 113 hyf of

- material which was purified by flash chromat ography ard recrysta

. to give 94 ng (98% t-axol, which was identical with an autTtre sanpl efin

—all respects. To a solutlon of 5 ng of (2R 3 S)-2',7-(his)

. triethylsilyl taxol in 0.5 m of acetonitrile and 0.03 m of pyridine at O

- C. was added 0.09 ml of 48% aqueous HF. The m xture was stirred at 0 C. for
8 h, then atcaobany ¥apimo hanghthgdg (gkereoisomeric forms, an mixtures

thereof.

According to Colin et al., U.S. Patent 4,418,470,
the products of general formula (XII) are obtained by the
action of the sodium salt of tert-butyl N-chlorocarbamate

on a product of general formula:

RO o

OCOOCH,Cl,4

(v

:
9
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 or groups 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
"the baccatin III or l0-deactylbaccatin III employed for the
Pbreparation of the product of general formula (IV) can be
converted to a product of general formula (IIX).

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 of l0-deactyl-
baccatin III of general formula

_—
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was partitioned between saturated aqueous sodi um bicar- bonate and et hyl
. acetate. Evaporation of the ethyl acetate

-28 - : . |
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CH—OH

OH ; H
0COC ¢ Hy

Cg Hs——CH—NHCOOC( CHy) 5

O eeeee

COCH,

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

(VD)
(CH,y)3C0CO COOR

Cels

in which Ry is a hydroxy-protecting group, is condensed
with 2 taxane derivative of general formula: '

R,0 o OR;

This Sheet Has Been R,
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in which R, is an acetyl hydroxy-protecting group and Ry is
a hydroxy-protecting group, and the protecting groups Ry,
Ry and, where appropriate, R, are then replaced by



solution gave 5 ng of material which was purified by fl ash chronat ography

and recrystallization to give 4.6 ny (ca 95@@ of

EXAMPLE 3

Preparati - * + eth I%PILMEMENGOBHEwd’
subsequent |y taxol, from op 'Céfiﬁzrigéb t - ljac Fo—=a ""|Lt|0n -of
143

7-triethylsityt—baccatin |1 +60-1

f F
_45[eq-1ﬁ§3hgtmme@q$ ghydr opwi se 0.087 m of a 1. 6 M so?&ﬂ“éﬁ ‘Q;;‘ Bﬁt.i in.

hexane 45[err] C., a solution of (j+)—eis-= i
- benzo ﬂi | yl oxy- 4-phe- nylaz%tldln- -one (82 ng, 0.21% mmol)
|n 1 ded dropwi se to the m xture. " THe sotut+er—was! al | oned

hydrogen. However, this method employs relatively harsh
conditions, proceeds with poor conversion, and provides
less than optimal yields.

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 B-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.

Another major difficulty encountered in the
synthesis of taxol is that known processes for the

~attachment of the B-amido ester side chain at C-13 are

generally not sufficiently diastereoselective. Therefore
the side chain precursor must be prepared'in optically
active form to obtain the desired diastereomer during
attachment. The process of this invention, however, is
highly diastereoselective, thué permitting the use o£ a
racemic mixture of side chain precursor, eliminating the
need for the expensive, time-consuming process of
separating the precursor into its respective enantiomeric
forms. The reaction additionally proceeds at a faster rate

‘than previous processes, thus permitting the use of less

side-chain precursor than has been required by such
previous processes.

SUMMARY OF THE INVENTION

Among the objects of the present invention,

. 'therefore, is the provision of a process for the

preparation of N-acyl, N-sulfonyl and N-phosphoryl esters



warmto 0 C. and held at 0 C for-2-hours. Cne m of—-a.10%sol uti on of AcOH
in THF was added. The n1xrur§mwnsm itionad betwe nﬁﬁqmgppﬁﬁpﬁﬁg S
cl | ayer

NaHCO err] and 60/ 40 et hyl acet
Byfdlwmdb
0 MAY 1997

gave a residue which was p I ed by flash chr omat
recrystallization to give 145 ng (94% of (2'R
121.3 ng (04 1 12
in 6 mM of aceronifrile

3'S)-2",7-(bis)triethylsilyl taxol. To a solutio

mmol) of (2R 3'S)-2', 7-(bis)triethylsilyl taxo

and 0.3 nl of pyridine at 0 C. was added §.9 m of pequs HFE. The

m xture was stirred at O[err]C. for 8 h. then at 25 C. for 6 h. The m xture

was partitioned between saturated agqueous sodi um bi carbonate and et hyl

acetate. Bedparsdseniné;t hthectpydvisebat 6£sSQ Ui®e ga¥enlbIaBuOdormEeEi al

whi ch was Ryl 1 5dk RY<93°N £NLQTRRAT ERIY. DS LES S bEESLE08! Be &
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; and the

provision of such a process which is highly diastereo-

selective.

In accordance with the present invention, a
process is provided for the preparation of isoserine esters
having the formula |

m}g(k,_{ T

comprising reacting a B8-lactam with a metai alkoxide, the
‘B~-lactam having the formula

BNy

A

Ry R,

and the metal alkoxide having the formula
MOCEE,E5

wherein .

Rl is —ORG, —SR7, or —NR8R9; .
R, is hydrogen, alkyl, alkenyl, alkynyl, aryl, or
heteroaryl; . -

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



givé 94 ng (98% taxol, which was identical wth an authentic sanple in al

respects.
EXAMPLE 4
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Rg is -CORjg, -COOR;,, -COSR;q, ~CONRgRjg.
~-SO5R3;, or -PORjzR;3. |

Rg is hydrogen, alkyl, alkenyl, alkynyl, aryl,
heteroaryl, hydroxy protecting group, or a functional group
which increases the water solubility of the taxane

derivative,

Rs is alkyl, alkenyl, alkynyl, aryl, heteroaryl,

or sulfhydryl protecting group,

Rg is hydrogen, alkyl, alkenyl, alkynyl, aryl, or
heteroaryl; . o '
Rg is an amino protecting group;
Rio is alkyl, alkenyl, alkynyl, aryl, or
heteroaryl,
' Rjj is alkyl, alkenyl, alkynyl, aryl, heteroaryl,
~ORjp. oT -NRgRy4. .
Ry and Rj3 are independently alkyl, alkenyl,
alkynyl, aryl, hetercaryl, -OR;,, or -NRaRlé, .
Rig4 is hydrogen, alkyl, alkenyl, alkynyl, aryl,
or heteroaryl; ' :
. ‘Ey, E; and E3 are independently hydrogen,
hydrocarbon or cyclic, provided, at least one of El,'Ez and
E3 is other than hydrogen. Preferably, two of E;., E;, and

' E3 together with the carbon to which they are attached

comprise a mono- or polycyclic skeleton.

In accordance with another aspect of the present
invention, the metal alkoxide and B-lactam are selected so
as to provide a process for preparing taxzol, taxotere and
other biolog;célly active taxane derivatives having the
following structural formula:

heet Has

T



Preparation of taxotere - To a solution of 7, 10-bis-triethylsilyl baccatin

0.174 mL of a 1.63M sol ution off TRy
solution of cis-I-(tert-bukoxy

-45[err] C. was added dropw se
After 0.5 h at -45 C., a

(200 ng, 0.248 mol)) in ni_of THF at

ar -

3-triethylsilyl oxy-4-phenyl azeti1d l'f E D, 1[24~ﬂﬂnl\ Lo 2 m. of

THF was added dropwi se to the m xture.
kept at that tenperature for 1 h before 1 nL of a 10% §ol

THF was added. “The m xture was partiti onedgbet ween sat pt gd ﬁlg&qfu
NaHCJ err] and. 60/ 40 et hyl acetat e/ hexane. "Evapor ati on} of t g&ﬁﬂb

on wap RERUREENMERT Q;%@Era d

er

gave a residue which was purified by filtation through{sllica gel to dgivV

. 280 nmg of crude 2',7,10-tris-triethylsilyl taxotere.

wherein

R; - Rj4 are as previously defined,

Rys and R;g are independently hydrogen, hydroxy.
lower alkanoyloxy, alkenoyloxy, alkynoyloxy, aryloyloxy or
Rjg and R;¢ together form an oxo;

Rj7 and Rjg are independently hydrogen or lower
alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy or Ryy.
and Rjg together form an oxo; '

Ryg and R,y are independently hydrogen or hydroxy
or lower " alkanoyloxy, alkenoyloxy, alkynoyloxy, or
aryloyloxy; ' '

. Ry and Ry, are independently hydrogen or lower
alkanof&oxy, alkenoyloxy, alkynoyloxy, or aryloyloxy or Ry3
. and R;, together form an oxo:

RZ and R* are independently hydrogen or hydroxy or lower alkanoyloxy,
alkenoyloxy, alkynoyloxy, or aryloyloxy; or

‘Ry3 and Ry4 together form an oxo or methylene or

Ry3 and R,4 together with the carbon atom to
which they are attached form.an oxirane ring or

' R;3 and R,, together with the carbon atom to
which they are attached form an oxetane ring:

Ry5 is hydrogen, hydroxy, or lower alkanoyloxy,

alkenoyloxy, alkynoyloxy, or aryloyloxy or
) This Sheet Has Been Replac
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To a solution of 280 ng of the crude product obtained fromthe previous
reaction in 12 m of acetonitrile and 0.6 nL of pyridine at O[err]C was
added 1.8 nL of 48% aqueous HF. The ni s stirred at 0 C for 3 h,
then at 25 C. for 13 h, and
bi carbonate and et hyl acetat ¢.
gave 215 ng of material whic

I ed by flash chr¢matography—toe79
190 ng (95% of taxotere, which was recrystallized fr¢m, @3@&%
anal yti- cal and spectral data were identid& wth that ?3% L
taxotere in U. S. Pat. No. 4,814, 470.

ve
Al

Ry is hydrogen, hydroxy, or
alkenoyloxy, alkynoyloxy, or aryloyloxy; or Rog 2and Rjg
taken together form an oxo; and '

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

Briefly, therefore, the taxane derivatives are
prepared by reacting a B-lactam (2) with a metal alkoxide
having the bi-, tri- or tetracyclic taxane nucleus to form
a B8-amido ester intermediate. The intermediate is then
converted to the taxane derivative. B-lactam (2) has the
general formula:

’ N
ll . (2

wberein Ry - Rg are as previously defined. The metal
alkoxide preferably has the tricyclic taxane nucleus
corresponding to the general formula:

mumnn (3

This Sheet Has Been Replac

ARUAmTIN I



30 -

THIS SHEET HAS BEEN R A
” "REPLACED | %0 MAY 1997
e jJ
11

wherein M is a metal, and Rj;g-Ryy; are as previously
defined. Most preferably, the metal alkoxide has the
tetracyclic taxane nucleus corresponding to metal alkoxide
(3) wherein R;, and Rj3; 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 substituted isoserine esters, in general, and
taxol, taxotere and other taxane derivatives which are

biologically active using B-lactam (2). the structure of
which is depicted hereinbelow:

s (2

wherein R;, Ry, R3., R4y and Rg are as previously defined.
In accordance with the present invention, Rg of

B-lactam (2) is preferably -CORjg with Rjgqg . being

aryl, heteroaryl, p-substituted phenyl, or lower alkoxy,

and most preferably phenyl, methoxy, ethoxy, tert-butoxy
("tBuO"; (CH5)43C0-), or

—~O)-

This Sheet Has Been Rep
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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 prefetably;:naphthyl, phenyl,

wherein X is as previously defined, Me is methyl and Ph is
phenyl. Preferably, R; is selected from -ORg, -SRy or
~NRgRg wherein Rg, Ry and Rg, are hydroxy, sulfhydrfl, and
amine protecting groups, respectively, and Rg is hydrogen,
élkyl, alkenyl, alkynyl, aryl, or heteroaryl. Most
preferably, R; is -ORg wherein Rg is triethylsilyl ("TES"),
l-ethoxyethyl ("EE") or 2,2,2-trichloroethoxymethyl.

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

hexyl, and the like. . ____————-*“‘
. Has Been Replaced
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Preparation of 3'-desphenyl-3'-(2-naphthyl) taxol To a sol ution of
7-triethylsilyl baccatin Ill (200 ng, 0.286 mmol) in 2 nL of THF at

-45[err] C. was added dropw se—8—+74 @?%ﬁﬁmﬁ' 3N|so|ution of nBuLi in

hexane. After 0.5 h at 45 C.. |at8dF }f
ci s- 1- benzoyl - 3- triethylsilylq ) aze

1.43 mol)

was warmed to O C. and kept at that tenperature for
10% sol ution of AcOH in THF was added. ThelIn xture
between saturated aqueous NaHCO err] and 60/40 eth

Evaporation of the organic |ayer gave a residue whi y
filtration through sil¥ha& @61&Qtiﬂv%lBQ®thgﬁbuaSm>ﬂnhk&tohl@hﬂ|ﬁg

iBEPLAGEMBNTe SHBETUtfi on

R pbefore—t—mt—of{ a

BTN 89T

h bas—purified

in 2 nL of THF was added dropwi se to the

(2,R3'9)-2" ,ehed bi $31 b8 KLHI A cvkadespbeDyba %edé% € prererably

lower 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,pmuéqd,hexenyl, and the
like. .

The B-lacgam 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 branchéd chain and include ethynyl, propynyl,
butynyl, isobutynyl,pmﬁymﬂ,hexynyl, and the like.

.The B-lactam aryl moieties described, either
alone or with wvarious substituents, contain from 6 to 135
carbon atoms and include phenyl, c-naphthyl or B-naphthyl,
etc. Substituents include alkanoxy, protected hydroxy,
hzlogen, alkyl,'aryl, alkenyl, acyl, acyloxy, nitro, amino,
amido, etc. Phenyl is the more preferred aryl.

As noted above, Ry of B-lactam (2) may be -ORg
with Rg being alkyl, acyl, ethoxyethyl ("EE"),
triethylsilyl ("TES"), 2,2,2-trichloroethoxymethyl, or
o;her hydroxyl protecting group such as acetals and ethers,
i.e., methoxymethyl ("MOM"), benzyloxymethyl; esters, such
as acetates; carbonates, such as methyl carbonates; and
alkyl and aryl silyl such as triethylsilyl, trimethylsilyl,
dimethyl-t-butylsilyl, dimethylarylsilyl, dimethyl-
heteroarylsilyl, and triisogrdpylsilyl, and the 1like. 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 proEecting group selected should be
easily removed under conditions that are sufficiently mild,
e.g., in 48% HF, acetonitrile, pyridine, ar 0.5% HCl/water/

This Sheet Has Been Rep
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taxol -and a small anount of the (28 3'R) isoner. ;
- 31 - To a solution of 320 ng (0.283 mmol) of the mni xture obtained

fromthe previous reaction in 18 nL of acetonitrile 0—0-93—r—oef—pyri di ne.
at 0 C. was added 2.8 nL of 48% (ﬂkPLAPEMENT SHEET
'THIS SHEET HAS BEEN
REPLACED 20 MAY 1997
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ethanol, and/or zinc/ acetic acid so as not to disturb the
ester linkage or other substituents of the taxol
intermediate. However, Rg 1is preferably triethylsilyl,
l-ethoxyethyl or 2,2,2-trichloroethoxymethyl, and most
preferably triethylsilyl.

Also as noted.previously, Ry may be a sulfhydryl
protecting group and Rg may be an amine protecting group.
Sulfhydryl protecting groups include hemithioacetals such
as l-ethoxyethyl and methoxymethyl, thioesters, or
thiocarbonates. Amine protecting groups include
carbamates, for example, 2,2,2-trichloroethylcarbamate or
tertbutylcarbamate. A variety of sulfhydryl and amine
protecting groups may be found in the above-identified text
by T. W. ‘Greene. _

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

B-lactam (2) can be prepared from readily
avallable materials, as is illustrated in schemes A and B
below:

\\g\\\\\\\\
Tfhlssb D
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aqueous HF. The m xture was stirred at O[err] C. for 3 h, then at 25 C. for
13 h, and partitioned between saturated agueous sodlun1b|carbonate and
ethyl acetate. Evaporation of the ethyl acetate sol uj gave 255 ngy of

3' - desphenyl - 3' - (2- napht hyl )

nethanol/mater m p.  164-16
CHCl [err]) [err]H NVR ( CDCl
benzoate ortho), 7.96 (m 1H, aromatic),

err] (C.l Jo5

MAYHQ?? 2
7.85/(m

2H, aromatic), 7.76 (m 2H, aromatic), 4H
aromatic), S¢hédhe( 2H aromatic), 7.01 (d J=8.8 ; . , 1H,
H10), 6.26 (dd, J=9.2, 9.2 Hz, 1H, H13), 5.97 (dd, J=8. 8 2 5 Hz, . H3'),

5.68 (d, J=7.1 Hz, 1H H2B), 4.93 (m 1H, H5), CHyG

reagents: (a) triethylamine, CH,Cl,, 25°C, 18h; (b) 4 equiv
ceric ammonium nitrate, CH3CN, -10°C, 10 min; (c) KOH, THF,
H30, 0°C, 30 min; (d) ethyl vinyl ether, THF, toluene
sulfonic acid (cat.), 0°C, 1.5h; (e) n-butyllithium, ether,
-78°C, 10 min; benzoyl chloride, -78°C, 1h; (£) lithium
diisopropyl amide, THF -78°C to -50°C; (g) lithium hexa-
methyldisilazide, THF -78°C to 0°C; (h) THF, -78°C to 25°C,
12h. ‘

is Sheet Has Been Replaced
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4.92.(m 1H, H2'), 4.39 (m 1H, H7), 4.30 (d, J=8.5
(d, J=8.5 Hz, 1H, H20B), 3.81 (d, 3= o AH,
2'0H), 2.48 (m 1H, Hea), 2.4 i3
2H, Hl4), 2.24 (s, 3H, 10Ac)
1.68 (s, 1H, 10H), 1.68 (s, x
Me16) . EXAMPLE 6 [err]

16

The starting materials are readily available. In
scheme A, a«-acetoxy 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—z-oﬁes. 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 is protected with l-ethoxyethyl, but may
be protected Qith variety of standard protecting groups-:
such as the triethylsilyl group or other trialkyl (or_ary1) 
silyl groups. In Scheme B, ethyl-a-triethylsilyloxyacetate
is readily prepared from glycolic acid.

The racemic B-lactams may be resolved into the
pure enantiomers prior to protection by recrystallization
of the corresponding 2-methoxy-2-(trifluoromethyl)
phenylacetic esters. However, the reaction described
hereinbelow in which the B-amido ester side chain is
attached has the advantage of being highly diastereo-
selective, thus permitting the use of a racemic mixture of

~side chain precursor.

' The 3-(l-ethoxyethoxy)-4-phenylazetidin-2-one of
scheme A and the 3-(l-triethylsilyloxy)-4-phenylazetidin-
2-one of scheme B can be converted to B-lactam (2), by
treatment with a base, preferably n-butyllithium, and an
acyl chloride, alkylchloroformate, sulfonyl chloride,
phosphinyl chloride or phosphoryl chloride at -78 °C or
below. _ '

. The process of the present invention 1is
particularly useful for the esterification of mono- or
polycyclic metal alkoxides which are represented by the

———

formula - __J_—-*~*””“'

n Replaced
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- 32 - mp. 164[err]-165 C.; [[err]][err] -52.6 (c 0.005, CHC[err]).
[errJ]H NMR (CDC [err], 300 MHz) [err] 8.11 (d, J=7.1 Hz, 2H benzoate
ortho), 8.11 (m 3H, aromatic), 7.91 (m 3H, aromatic),
aromatic), 7.63-7.46 (m 7H, aro- imatic), 6.75 (d, 3=
6.52 (dd, J=8.8, 1.6 Hz, 1H, H3'), 6.27 (s, 1H, H10), 6.
Mz, 1H, H13), 5.68 (d, 1=7.1 Hz, 1H, H2[err]), 4.85 (d
H5), 4.97 (dd, J= 1.6 Hz, 1H H2), 4.39 ST 1H, H7),

in which E;, E; and the carbon to which they are attached
define a carbocyclic and/or heterocyclic skeleton which may

‘be mono- or polycyclic and E3 is hydrogen or hydrocarbon,

- preferably lower alkyl. Most preferably, the carbocyclic
and/or heterocyclic skeleton comprises about 6 to 20 atoms
and the hetero atoms are oxygén. The cyclic skeleton may |
be hydrocarbon and/or heterosubstituted with heterosubsti-
tuents inéluding, for éxample, esters, ethers, amines,
alcohols, protected alcohols, carbonyl groups, halogens,
oxygen, substituted oxygen or substituted nitrogen.

When the metal alkoxides have the bi-, tri- or
tetracyclic taxane nucleus, the process c¢f the present
invention may advantageously be used to prepare taxane
derivatives, many of which have been found to have
significant biological activity. As used herein, a metal
alkoxide having the bicyclic taxane nucleus has the
carbocyclic skeleton corresponding to rings A and B of
metal alkoxide (3):

—_—
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4.24 (d, J=8.5 Hz, 1H, -H20[err]), 4.17 (d, J=8.5 Hz, 1H, H20[err]), 3.80
(d,J=7.1 Hz, 1H, H3), 3.65 (br, 1H 2'CH), 2.55 (m IH H6a), 2.48 (br, 1H,
70H), 2.41 (s, 3H, 4Ac), 2.38 (m IM H14), 1.96 (s, 3 ’ y :

1H, He6[err]), 1.80 (br s, 3H, M18), 1.76 (s, 1H, 10H),
1.28 (S, 3H Me1l7), "1.16 (s, 3H, Nb16)

18
R
‘e > RygRiv
13 11 18 R‘lﬂ
mumun/:l A 19 20 (3

M and Ry5-R,7 are as previously defined. A metal a;koxide'
having the tricyclic taxane nucleus has the carbocyclic
skeleton corresponding to rings A, B and C of metal
alkoxide (3). A metal alkoxide having the tetracyclic
taxane nucleus has carbocyclic rings A, B and C of metal
alkoxide (3) and the oxetane ring defined by Rzz, Ry3. and
the carbons to which they are attached. '

Preferably, the metal alkoxide used . in the-
process of the present invention is metal alkoxide (3).
Most preferably, Rys is -OT, or -OCOCH3; Rjg is hydrogen;
R;7 and R;g together form an oxo; Ryg is -0T;; szfand'RZI
‘are hydrogen; Ry, and R,3 together with the. carbons to
which they are attached form an oxetane rlng,_R24_1S
CH3C00-; Ryg is PhCOO-; R,¢ is hydrogen; Rp7 is hydroxy;
and T; and T, are independently hydrogen OFI. hydrcxy
protecting group.

ﬁetal substituent, M, of metal alkoxlde (3) is a
Group IA, IIA, IIIA, lanthanide or actinide element or a
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transition, Group IIIA, IVA, VA or VIA metal. Preferably,
it is a Group IA, IIA 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
pteﬁérably lower alk?l containing from one to six carbon
atoms in the principél chain and up to 10 carbon atoms.
They may be straight or branched chain and include methyl,
ethyl, propyl, isoproepyl, butyl, isobutyl, tert-butyl,
amyl, hexyl, and the like.

' The metai 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 2nd up to 10 carbon atoms.
They may be straight or branched chain and include ethenyl,
propenyl, isopropenyi, butenyl, isobutenyl, penrenyl, hexenyl,
and the like.

‘The metzl 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. 1@ carbon atoms.

.They may be straight or branched chain and include ethynyl,

propynyl, butynyl, isobutynyl, penrynyl, hexynyl, and the like.

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

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

Phenyl is the more preferred aryl. o
' cet Has Been Replaced .
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Metal alkoxides (3) are prepared by reacting an
alcohol having two to four rings of the taxane nucleus and
a C-13 hydfoxyl group with an organometallic compound in a
suitable solvent. Preferably, the alcohol is a derivative
of baccatin III or l0-deacetyl baccatin III having the
structure

(4

wherein T; is a hydroxy protecting group, and 2 is -0T;
wherein T, is acyl, preferably acetyl, or other hydroxy
protecting group. Most preferably, the alcohol is a .
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., l0-deacetyl
baccatin III is converted to 7-O-triethylsilyl-10-deacetyl
baccatin III according to the following reaction scheme:

This Shee
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Preparation of 3!-desphenyl-3'-(1 -naphthyl) taxol

7-triethylsilyl
-45[err] C. was
hexane. After O.

1.43 mol) in 2
was war med t

To a solution of

baccatin Il (200 ng, 0.286 nmol) i p=2—t—oft—THF:
added dropwi se 0.174 nL of a 1.63M JolﬂﬁPlAﬁEW’nn u"gt[“lT itn
5 h at. -45[err]C., a solution of
cis-1-benzoyl-3-triethylsilyloxy-4-(1- naphthyl)azet| di n CMAY eﬁgﬁzc o,
nm.. of THF was added dropw se to the ure. T | dtion
and kept at that tenperatureff 1 inlL of
1s§&&l£ﬁﬂ&dﬂu5MN&s added. Bhe mixturel was partitioned

a 10@6solut|0n
bet ween sat ur at
Evapor ati on of t

am “‘“ﬂ“ﬂ CCIerr] and 60/40 eth

t

acecal e/ hexane.
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(CzHy),8iCL
CaHyN _ o ch,
o o
deacyty
(5) - (6a) -

Under what is reported to be carefully optimized
conditiods, l0-deacetyl baccatin III is reacted with 20
equivalents of (CyHg)3SiCl at 23°C under an argon
atmosphere for 20 hours in the presence pf 50 ml of

' pyridine/mmol of 1l0-deacetyl baccatin III to provide
7-triethylsilyl-ld—deacetyl baccatin III (6a)-as a reaction
product in 84-86% yield after purification. The reaction
product is then acetylated with 5 equivalents of CH3COCl
and 25 mL of pyridine/mmol of (6a) at 0 °C under an argon
atmosphere for 48 hours to provide 86% yield of 7-O-tri- -
ethylsilyl baccatin III (6b). Greene, et al. in JACS 110,
5917 at 5918 (1988).

Alternatively, 7—triethylsilyl-lo-deacetyl
baccatin III (6a) can be protected at C-10 oxygen with an
aczd labile hydroxyl protectlng group. For example,
treatment of (Sa) with n-butyllzthlum in THF followed by
triethylsilyl chloride (1.1 mol equiv.) at 0°C gives
7,10-bis-O-triethylsilyl baccatin III (6c) in 95% yield.
Also, (6a) can be converted to 7-O-triethylsilyl-10-(1l-
ethoxyethyl) baccatin-III (6d) 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.



organi c | ayer gave a residue which was purified by fi t@gﬂﬁgﬁMFﬁﬁéﬁ@ET
silica gel to give 325 ng of a mxture containing (2R 3] S)-2', 7-
(bis)triethylsilyl- 3 -desphenyl-3'-(1-aaph- thyl) taxol @0 MaAYsmehl [arount
of the (2'S,3 R) isomer. = To a solution of 325 ng (J0./287 mol ) ot t{he
m xture obtained fromthe previous reaction in 18 nL Jof acetonrtrrt+e-ard
0.93 nL of pyridine at 0 C. was added 2.8 nL of 48% agueous HF. The mjture
was stirred at O[err] C. for 3 h, then at 25 C. for 13 h, and partrironed

bet ween sat urated aqueous sodi um bi carbonate and ethyl acetate. Evaporation
of the ethyl acetate solution gave 260 ng2of material which was purified by
flash chromat ography to give 166 ng (64% of 3-(1-naphthy t axol, which

was recrystallized from netha- nol/water.

n-3ull
(6a) >

(CpHg),S4C1

CoH;0C, Hy

(CAT)CH;S0;H

(6d)

OCOCH,

Q unsRIHIRIN

COCq Hy

7-O-triethylsilyl baccatin III (6b), 7,10-bis-
O-triethylsilyl baccatin III (6c), or 7-O-triethylsilyl-
10-(l-ethoxyethyl) baccatin III (6d) is reacted with an
organometallic compound such as n-butyllithium in a solvent
such as tetrahydrofuran (THF), to form the metal alkoxide
13-0-1lithium-7-0O-triethylsilyl baccatin III (7b)
13-0-lithium-7,10-bis-O-triethylsilyl baccatin IXI (7¢c), or
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mol) in 2 m of THF at -45 C. was added dropw se 0. 14 1. -
solution of nBuLi in hexane. After 0.5 h at -45 C., R %ﬁ?;ﬁf}!{ﬁ\lTﬂﬁﬁ%M
ci s-1-benzoyl -3-triethylsilyl oxy4- (4-nmethoxyphenyl)agelidin- 2-one (590

ng, 1.43. mol) in

To a solution of 7-triethylsilyl baccatin_ll1l (200 ng. 0.286

20 MAY 1997
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13-O-lithium-?-o-triethylsilyl-lo—(l-ethoxyethyl) baccatin
III (7d) as shown in the following reaction scheme:

THIS SHEET HAS BEEN

REPLACED
CHyCH,CH,CH,Li « HO-
' 6 b-d
THF
2
'°\[/cz-z, os*cczr-.,), 7 b-d
CHyCH,CH,CH; + L1O- : :
. (7b) Z = -OCOCH,
! OcocH, . : -
ococ, 1 | (7d) Z = -OEE

As illustrated in the following reactzon scheme,
a sultable metal alkoxide of the present 1nvent10n such ‘as
13-0-lithium~-7-O-triethylsilyl baccatin III denvat.:.v.__e_ {7b,
7c, or 7d) reacts with a B-lactam of the present'_inv_ens:l_,_c_m
to provide an intermediate (8b, 8c, or 8d) in which the;Cx7
hydroxyl group. is..protected with a triethylsilyl -or™
l-ethoxyethyl group. -

/
Sheet Has Been Replaced
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2 mL of THF was added dropw se to the m xture.

C. and kept at that tenperature for | h before 1 mL of a 10% sol ution
AcOH in THE was added. The m xture was partitioned between saturated aque-

ous NaHCO err] and 60/40 ethyl acetate/ hexane. Evaporation of the organic
| ayer gave a residue which was purlfled by f||trat|on

th I e
give 320 ny of- a mixture containing (2'R, 3 S)-2'.7-(bi ;’&%IEI.EN? Sﬁ?

-desphenyl -3' - (4-nmet hoxyphenyl) taxol and a small ampunt of the (2
3R)

of

To .a_solution of 320 ng (0.288 nmmol) of the| ni&E MA 8¥7ai

fromthe preV|ous reactlon in 18 nmL of cetonltrlle apd{ 0. 93 nL of

pyridi ne at
stirred at O Ci f
sat ur at ed aqueous

S

RO
Q
LL.Onran
HO
rncoe &
AcO
7 b-d (2) ' 8 b-d

b, R = —COCH

een Replated of 4§%)aqueou The m xture was
”I mlISC for 13 h. andp.‘ifinned het wee

c, R = —Sl(C2H5)3

d, R = —-EE

Intermediate compound (8b) readily converts to
taxol when R; is -ORg, R, and Ry are hydrogen, Ry is
phenyl, Rs is benzoyl and Rg is a hydroxy protecting group
such as triethylsilyl. Intermediate compound (8c) readily
¢onverts to taxotere when R; is -ORgz, Ry -and Ry are
hydrogen, R4y is plenyl, Rs is tertbutoxycarbonyl and Rg is
a hydroxy protecting group such as triethylsilyl.
Intermediate compound (8d) readily converts to. l10-deacetyl
taxol when Ry is -ORg, R, and Ry are hydrogen, R4 is
phenyl, Rg is benzoyl, and Rg is a hydroxy protectlng group
such as triethylsilyl. Intermediate compounds (8b. 8c and
8d) may be converted to the 19d1cated compounds by
hydrolyzing the triethylsilyl ahd l1-ethoxyethyl groups
under mild conditions so as not to disturb the ester
linkage or the taxane derivative substituents.

HF, CgHgN, CH,CN
8b —3: —3 > TAXOL

HF, CSHSN' CH3CN
8¢ ) TAXQTERE

0.1% HC1l, EtOH :
ad - b 10-DEACETYL TAXOL

hed

The solution was warned to O

to




sodi um bi carbonate and ethyl acetate. Evaporation of the ethyl acetate

sol ution gave 255 ng of materi al mhich was purified by flash chromatography
to gave 172 ng (68% of 3'-desphenyl - ( 4- nethoxyphenyl) taxol, which was
recrystallized from net hangl Lwat-ef 176

0.05, CHC [err]). [err]H NNR @GDG_‘,
benzoate ortho), 7.72 (m 2H ardith aromat Ty 7] 5B- 7
(m 8H, aromatic), 6.96 (d, J=8.8 Hz, 1H NH) 6. 90( %ﬁ( 5\;3@ )| 6. 26
(s, 1H HL0), 6.21 (dd, J=9.3, 9.3 Hr, HL3) | 44 8,127 e,
1H, H3'), 5.66 (d, J=6.8 Hz, 1H, H2[err] 4 93 (dgl. 1 Q. 9. . 2.2 Hz
H5), 4.74 (dd, J= 5.5, 2.7 Hz, 1H, H2[err]) 4.39 {m 1H, H7), 4.29 {d
3=8.8 Hz, 1H, H20[erpkherd. t]&irda de8i 8kt vetHmdR

Hz, 1H, H3 3H,
g seZecglon of the groper substituents Ry - Rg of B-lactam

(2) or Ry5 - 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
B-lactam 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
organomagnesium compounds,' srganosodium, organotitanium,
organozirconium, organoczirc, organocadmium or
organopotassium or the corresponding amides ma? also be
used. Organometallic compounds are readily available, or
may be prépared by available methods including reduction of
organic halides with metal. Lower alkyl halides are
preferred. For example, butyl bromide can be reacted with
liﬁhium metal in diethyl ether to give a solution of
n-butyllithium in the following manner: _

This Sheet Has Been Rep
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Alternatively, the 1lithium alkoxide may be
induced to undergo exchange with metal halides to form
alkoxides of aluminum, boron, cerium, calcium, zirconium or

zinc.



3.67 (d, J=5.5 Hz, 1H, 2'OH), 2.61 (m 1H, He[err]), 2|5

), 2.25 ( ALY _'84(Fan’
2 37 3H, 31 (m 2H, HL4 5 (s 3H, |
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Although THF is the preferred solvent for
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

reactants are too poorly soluble, are not suitable. Other

solvents are not appropriate for other reasons. For
example, esters are not abpropriate 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 taxol derivatives, it
can be used with modifications in either the B-lactam or
the tetracyclic métal alkoxide. Therefore metal alkoxides
other than 13-0-1lithium-7-O-triethylsilyl baccatin III may
be used to form a taxol intermediate according to the
method of this invention. The B-lactam and the tetracyclic
metal alkoxide can be derived from natural or unnatural
Ssources, to prepare other synthetic taxols, taxol
derivatives, lo-deacetyltaxols, and the enantiomers and
dzastereomers thereof contemplated within the present
1nvent10n. B

The process of the invention also has the
important advantage of being highly diastereoselective.
Therefore racemic mixtures of the side chain precursors may
be used. Substantial cost savings may be realized because
there is no need to resolve racemic B-lactams into their
pure enantiomeré. Additional cost savings may be realized
because less side chain precursor, e.g., 60-70% less, is
required relative to prior processes.

The water solubility of compounds of formula (1)
may be improved if R; is -ORg and Ryj9 is -0T;, and Rg
and/or T; are a functional group which increases
solubility, such as QCOGCOR; wherein:
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G is ethylene, propylene, CHCH, 1,2-cyclohexylene,
or l,2-phenylene; .

R} - OE base, NrZg3, oR3, sr3, ocH,CONRYR?, or OH;

RZ2 = hydrogen or methyl;

R3 = (CH,),NRSR7 or (CH,) N°RER7REX,®;

n = 1 to 3;

R4 = hydroggnorlower'élkyl containing 1 to 4
carbons;

RS - hydrogen, lower alkyl containing 1 to 4
carbons, benzyl, hydroxyethyl, CH,COgH, or
dimethylaminoethyl;

RéandR’. = lower alkyl containing 1 or 2 carbons, or
benzyl;
orR¢and. R’ tagether with the nitrogen atom of NRSR?
' forms-one of the following rings

AO00-O

R® « lower alkyl containing 1 or 2 carbons or benzyl;

X;° = halide; and o

base = NH3, (HOCyHg)3N, N(CH3)3, CH3N(CyH4OH),,

NH, (CH,) gNH,, N-methylglucamine, NaOH or KOH.

The preparation of compounds in which Rg or Tl'is -COGCORL
is set forth in Hangwitz U.S. Patent 4,942,184 which is
incorporated herein by reference.

The following examples illustrate the invention.

Replaced



Preparation of 3'-desphenyl -3 t ( R )
t axol To a solution of 7-trieg ﬁyiS & 286y
in2nL of THF at -45[err] C. Tod : . ?‘EBM&MEﬂla%MEET
solution of nButi in hexane. Af v ‘ dol ution of

ci s- I-benzoyI—S—LLpeLhyJM (4-chl or o yl ) ajetli dp - @aprget 595 | o,

3 mol). in 2 of THF was_ added dropwi se to the nijxtjure, The sol ufi ¢n

vhsvmnmdto ct at that tenperature flor—ttefore—3Inl of
a 10% sol ution o s added. 28
EXAMPLE 1

_ Preparation -of 2'-ethoxyethyl-7-triethylsilyl
taxol, and subsequently taxol, from racemic B-lactam:

To a solution of 7-triethylsilyl baccatin III
(20mg, 0.028 mmol) in 1 ml of THF at -78°C was added
dropwise 0.17 ml 6f 2 0.164M solution of nBuLi in hexane.
After 30 min at -78°C, a solution of cis-l-benzoyl-3-
(l-ethoxyethoxy)-4-phenylazetidin-2-one (47.5 mg, 0.14
mmol) in 1 ml of THF was added dropwise to the mixture.

The solution was allowed to slowly warm (over 1.5 h) to 0°C
and was then stirred at 0°C for 1 h and 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 layer
gave a residue which was.purified by flash chromatography
to give 23 mg (80%) of (2'R, 3'S)-2'-ethoxyethyl-7-tri-
ethylsilyl taxol and 3.5 mg (13%) of 2',3'-epi(2's,
3'R)~-2'-ethoxyethyl-7-triethylsilyl taxol.

- AS mg sample of (2'R, 3'S)-2'-ethoxyethyl- .
7-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
écetate. 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%) taxol,
which was identical with an authentic sample in all
respects.

A 5 mg sample of 2',3°'-epi(2'S,3'R)-2"'-ethoxy-
ethyl-7-triethylsilyl 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



The m xture was partitioned between saturated aqueo

et hyl ‘acet at e/ hexane. EvaporafT,0l pfthe—erganic | a e - - %) Wwhi ch
was purified by filtration th*éﬁ@_ig%. SéséﬁﬁNto gi v A Emfﬂﬁ%*mypture
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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 2',3'-epitaxol.

EXAMPLE 2
Preparation of 2',7-(bis)triethylsilyl taxol, and
subsequently taxol, from racemic B-lactam:

To a solution of 7-triethylsilyl baccatin III
(100mg, 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 cis-l-benzoyl-3-
triethylsilyloxy)-4-phenylazetidin-2-one (274 mg, 0.715
mmol) in 1 mi of THF was added dropwise to the mixture.
The solution was allowed to warm to 0°C and held at 0°C for
1 h. One 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 by recrystallization’to give 131 mg
(85%) of (2'R, 3°'S)-2',7- (b1s)tr1ethylslly1 taxol and 15 mg
(lOs) of 2',3'-epi(2'S, 3° R)-2',7~- (bls)trlethylsllyl taxol.

To a solution of 121 3 mg (0.112 mmol) of (2°'R,
3'S)-2',7-(bis)triethylsilyl taxol in 6 ml of acetonitrile
and 0.3 ml of pyridine at 0°C was added 0.9 ml of 48% '
agqueous HF. The mixture was stirred at 0°C for 8 h, then
at 25°C for 6 h. The mixture was partitioned between
saturated aqueous sodium_bicarbonate and ethyl acetate.
Evaporation of the ethyl acetate solutidon gave 113 mg of
material which was purified by flash chromatography and
recrystallization to give 94 mg (98%) taxol, which was
identical with an authentic sample in all respects.



To a solution of 320 ng (0.287 mml) of the m xture Qbtained fromthe

previous reaction in 18 m L of acetonitrile and 0.93 T s '
was added 2.8 nL of 48% aquT‘ —TUE THpehui e was nh Ele/hﬂ%ﬁfi\fg} &8

for 3 h. then at 250 C_for
aqueous sodlun1b|carbonate

ketmeen satura

i e="Evapor gt ifon2 OfMAR
acetate a of material which was p@rijfied by f ash
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ortho), To a solution of 5 mg of (2'R, 3'S)-2°',7-(bis)
triethylsilyl taxol in 0.5 ml of acetonitrile and 0.03 ml
of pyridine at 0°C was added 0.09 ml of 48% agqueous HF.
The mixture was stirred at 0°C for 8 h, then at 25°C for 6
h. The mixture was partitioned between saturated agqueous
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sodium bicarbonate and ethyl acetate. Evaporation of the

ethyl acetate solution gave 5 mg of material which was

purified by flash chromatography and recrystallization to
give 4.6 mg (ca. 95%) of 2',3'-epitaxol.

EXAMPLE 3
Preparation of 2',7-(bis)triethylsilyl taxol, and

subsequently taxol, from optically active B-lactam:

To a solution of 7-triethylsilyl baccatin III
(100 mg, 0.143 mmol) in 1 ml of THF at -45°C was added
dropwise 0.087 ml oﬁ a 1.63M solution of nBulLi in hexane.
After 1 h at -45°C, a solution of (+)-cis-l-benzoyl-3-
triethylsilyloxy-4-phenylazetidin-2-one (82 mg; 0.215 mmol) °
in 1 ml of THF was added dropwise to the mixture. The
solution was allowed to warm to 0°C and held at 0°C for 2
hours. One 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 by recrystallization to give 145 mg
(94%) of (2'R, 3°'S)-2',7-(bis)triethylsilyl taxol.

To a solution of 121.3 mg (0.112 mmol) of (2°'R,
3'S)-~2',7-(bis)triethylsilyl taxol in 6 ml of acetonitrile
and 0.3 ml of pyridine at 0°C was added 0.9.ml of 48%
aqueous HF. The mixture was stirred at 0°C for 8 h, then
at 25°C for 6 h. The mixture was -partitioned between
saturated aqueous sodium bicarbonate and ethyl acetate.
Evaporation of the ethyl acetate solution gave 113 mg of
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material which was purified by flash chromatography and
recrystallization to give 94 mg (98%) taxol, which was
identical with an authentic sample in all respects.

EXAMPLE 4

Preparation of taxotere.

To a solution of 7,10-bis-triethylsilyl baccatin
III (200 mg, 0.248 mmol)) in 2 mL of THF at -45 °C was
added dropwise 0.174 .mL of a 1.63M solution of nBuLi in
hexane. After 0.5 h at -45 °C, a solution of cis-1-(tert-
butoxycarbonyl)-3—tfiethylsilyloxy-4-phenylazetidin-z-one
(467 mg} 1.24 mmol) in 2 mL of THF was added dropwise to
the mixture. The solution was warmed to 0 °C and kept at
that temperature for 1 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 filtration through silica gel to give 280 mg of
crude 2°',7,10-tris-triethylsilyl taxotere.

-To a solution of 280 mg of the crude product
obtained from the previous reaction in 12 mL of
acetonitrile and 0.6 mL of pyridine at 0 °C was added 1.8
mL of 48% aqueous HF. The mixture was stirred at 0 °C for
'3 h, then at 25 °C for 13 h, and partitioned between
saturated aqueous sodium bicarbonate and ethyl acetate.
Evaporation of the ethyl acetate solution gave 215 mg of
material which ‘was purified by flash chromatography to give
190 mg (95%) of taxoteré, which was recrystallized from
methanol/water. All analytical and spectral data were
identical with that reported. for taxotere in U.S. Patent
4,814,470.
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- 37- Preparation of 3'-desphenyl-3'-(4-bronophenyl)
taxol' To a solution of 7-triethylsilyl baccatin Il (200 ng, 0.286 mmol)
in 2 nL of THF at 45[err] C. was added dropw se 0.174

L
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Preparation of 3'-desphenyl-3'-(2-naphthyl) taxol.

To a solution of 7-triethylsilyl baccatin III
(200 mg, 0.286 mmol) in 2 mL of THF at -45 °C was added
dropwise 0.174 mL of a 1.63M solution of nBuLi in hexane.
After 0.5 h at -45 °C, a solution of cis-l-benzoyl-3-
briethylsilyloxy-4-(Z-naphthyl)azetidin 2-one (620 mg, 1.43
mmol) in 2 mL of THF was added dropwlse to the mixture.
‘The solution was warmed to 0 °C and kept at that
temperature for 1'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 filtration through silica gel to ine 320 mg of
a mixture containing (2'R,3'S)-2',7-(bis)triethylsilyl-3'-
desphenyl-3'-(2-naphthyl) taxol and a small amount of the
(2'S,3'R) isomer.



mL of a 1.63M sol ution of nBuLi in hexane. After 0.5 h at -45 C, a

solution of cis-I|-benzoyl-3-triethylsilyloxy-4- .(4- bromnphenyl)azetldln-
2-one (660 ng, 1.43 mmol) in 2 n__of THE was adds -
The sol ution was warmed to Of efrfgls sasaTRESt BERN

partitioned between saturated agUeous NaHOOB ahd 60/40'ethyl -
acet at e/ hexane. Evaporation of the organic |ayer gave a residgé'MﬁV6ﬁ9was
purified by filtration through silica gel to give 330 ng |ofLa nixture

containing (2'R 3'S) -2',7- (bis)triethgBsilyl- 3'-desphenyl-3'-(4-bro-
nmophenyl) taxol and a small anount of the (2'S, 3'R) isoret Fo-—a
solution of 330 ng (Q,284 mml) of the m xture optained fr ql revi ous
reaction in 18 n1_ of Té’ce?orﬁ"tlﬂqlé"hnafo 30 nfh9of { pys B aii l‘ﬂé“°§t added

2.8 m of #B8%ture obtained from the previous reaction in 18 mL of
acetonitrile and 0.93 mL of pyridine at 0 °C was added 2.8
mL of 48% aqueous HF. The mixture was stirred at 0 °C for
3 h, then at 25 °C for 13 h, and partitioned between
saturated aqueoué sodium bicarbonate and ethyl acetate.
Evaporation of the ethyl acetate solution gave 255 mg of
material which was purified by flash chromatography to give
166 mg (64%) of 3'-~desphenyl-3'-(2-naphthyl) taxol, which
was recrystallized from methanol/water.

m.p 164-165 °C; [«]23y, -52.6° (c 0.005, CHCl;).

lu NMR (CDC1l;, 300 MHz) & 8.14 (d, J = 7.3 Hz, 2H, benzoate
ortho), .7.96 (m, 1H, aromatic), 7.90 (m, 1H, aromatic),

7.85 (m, 2H, aromatic), 7.76 (m, 2H, aromatic), 7.60 {(m,
‘3H, aromatic), 7.52 (m, 4H, aromatic), 7.41 (m, 2H,
aromatic), 7.01 (4, J = 8.8 Hz, 1H, NH), 6.27 (s, 1H, H1l0),
6.26 (dd, J = 9.2, 9.2 Hz, 1H, H13), 5.97 (dd, J = 8.8, 2.5
Hz, 1H, H3'), 5.68 (d, J = 7.1 Hz, 1H, H2B), 4.93 (m, 1lH,
H5), 4.92 (m, 1H, H2'), 4.39 (m, 1H, H7), 4.30 (4, J = 8.5
Hz, 1H, H20a), 4.20 (4, J = 8.5 Hz, 1H, H208), 3.81 (4, J =
7.1 Hz, 1H, H3), 3.60 (d, J = 5 Hz, 1H, 2'OH), 2.48 (m, 1H,
Héa), 2.45 (br, 1H, 70H), 2.39 (s, 3H, 4Ac), 2.30 (m, 2H,
H14), 2.24 (s, 3H, 10Ac), 1.83 (m, 1H, H68), 1.82 (br s,
3H, Mel8), 1.68 (s, 1H, 10H), 1.68 (s, 3H, Mel%), 1.24 (s,

3H, Mel7), 1.14 (s, 3H, Mel6). ,\\\\\\\\\\\\\\\\\\\



aqueous HF. The m xture was stirred at 0 C. for 3 h, then at 25[err]C. for
13 h, and partitioned between saturated agqueous sodi um bi carbonate and
et hyl acetate. Evaporation of the ethyl acetate solution gave 265 ng of
materi al which was purified by flash chromatography to §iye 186 ng (64% of
3' -desphenyl -3' - ( 4-bronophenyl) taxol, which was recrys
nmet hanol / wat er . mp. 170-172 C.; [err] -50.94[err] (c OW?LA@@ QSHW
[err]H NVMR (CDO [err]3, 300 MHz) 5 8.12 ) d. J=7.2 Hz, 23H.| benzoate
ortho), 7.71 (m 2H, aromatic), 7.61 (m 1H aromatic), 0- 210 MAY(19976H
)

aromatic), 7.38 (m 3H aromatic), 7.04 (&84 1= 8.8 Hz. 1H [NH), 6.27 (s.
1H. H10), 6.23 (dd, J=8.2, 8.2 Hz, 1 H H13), 5.75 (dd, =878, Z.Z Hz, 1H,
H3"), 5.66 (d J=7.1 Hz, 1H H2[e , 4.94 (dd, J=9.3, 1. Hz, 1H HS).

rr])
4.75 (dd, J= 2.2 Mz, 1H, H2'), 4.38 (rRXHMELE 6

wherein Npl is

QL

Preparation of 3'-desphenyl-3'-(l-hnaphthyl) taxol.

To a solution of 7-triethylsilyl baccatin III
(200 mg, 0.286 mmol) in 2 mL of THF at -45 °C was added
dropwise 0.174 mL of a 1.63M solution of nBuLi in hexane.
After 0.5 h at -45 °C, a solution of cis-l-benzoy1—3-tri-
ethylsilyloxy-4—(l-naphthyl)azetldln- 2-one (620 mg, 1.43
mmol) in 2 mL of THF was added dropwise to the mixture.
The solution was warmed to 0 °C and kept at that
temperature for 1 h before 1 mL of a 10% solution of AcOH
in THF was added. The mixture was partitibned between
saturated aqueous NaHCO3; and 60/40 ethyl acetate/hexane.
Evaporation of the organic layer gave a residue which was
purified by filtration through silica gel to give 325 mg of
a mixture containing (2'R,3'S)-2',7-(bis)triethylsilyl-3'-
desphenyl-3'-(l-naphthyl) taxol and a small amount of the

(2'S,3'R) isomer.
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.53 (n1 1H Hé[err]), 2.
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To a solution of 325 mg (0.287 mmol) of the
mixture obtained from the previous reaction in 18 mL of
acetonitrile and 0.93 mL of pyridine at 0 °C was added 2.8
mL of 48% agueous HF. The mixture was stirred at 0 °C for
3 h, then at 25 °C for 13 h, and partitioned between

saturated aqueous sodium bicarbonate and ethyl acetate.

Evaporation of the ethyl acetate solution gave 260 mg of
material which was purified by flash chromatography to give
166 mg (64%) of 3°'-(l-naphthyl) taxol, which was
recrystallized from methanol/water. '

m.p. 164-165 °C;[al23y,-52.6° (c 0.005, CHCl3).

1y NMR (CDCly, 300 MHz) § 8.11 (d, J = 7.1 Hz, 2H, benzoate
ortho), 8.11 . (m, 3H, aromatic), 7.91 (m, 3H, aromatic),
7.70 (m, 2H, aromatic), 7.63-7.46 (m, 7H, aromatic), 6.75

(d, § = 8.8 Hz, 1H, NH), 6.52 (dd, J = 8.8, 1.6 Hz, 1H,

H3'), 6.27 (s, 1H, H10), 6.27 (4d, J = 9.1, 9.1 Hz, 1H,
H13), 5.68 (d, J = 7.1 Hz, 1H, H28), 4.85 (ad, J = 7.6, 2.2
Hz, 1H, HS), 4.97 (dd, J = 1.6 Hz, 1H, HK2'), 4.39 (m, 1H,
H7), 4.24 (4, J = 8.5 Hz, 1H, H20a), 4.17 (d, J = 8.5 Hz,
1H, H208), 3.80 (d, J = 7.1 Hz, 1H, H3), 3.65 (br, 1lH,
2'0H), 2.55 (m, 1H, H6az), 2.48 (br, 1H, 7O0H), 2.41 (s, 3H,
4Ac), 2.38 (m, 1H, H14), 1.96 (s, 3H, 10Ac), 1.86 (m, 1H,
H6B), 1.80 (br s, 3H, Mel8), 1.76 (s, 1H, 1OH), 1.69 (s,
3H, Mel9), 1.28 (s, 3H, Mel7), 1.16 (s, 3H, Mel§6).

i This Sheet Has Been Repl

i I

4.29 (d, J=8.2 Hz. 1H, H 20[err]), 4. 18 (d, J=8.2 Hz, 1H,. H20[err]).
3.79 (d, J=7,1 Hz, 1H H3), 3.7 (br

1H, 70H), 2.37 (s, 3H 4A ;
1.87 (m 1H, He[err]), 1.80 *

38



(br s, 3H, Me18), 1.80 (s, 1H. 10H), 1.67 (s, 3H, Me19), 1.22 (s, 3H,
Me17), 1.13 (s. 3H, Mel6). | EXAMPLE 10 [err]
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Preparation of 3'-desphenyl-3'-(4-methoxyphenyl)
taxol. ' ' '

To a solution of 7-triethylsilyl baccatin III
(200 mg, 0.286 mmol) in 2 mL of THF at -45 °C was added
dropwise 0.174 mL of a 1.63M solution of nBuLi in hexane.
After 0.5 h at -45 °C, a solution of cis-l-benzoyl-3-tri-
ethylsilyloxy-4-(4-methoxyphenyl)azetidin-2~-one (590 mg,
1.43 mmol) in 2 mL of THF was added dropwise to the
mixture. The solution was warmed to 0 °C and kept at that
temperature for 1 h before 1 mL of a 10% solution of AcOH
in THF was added. The mixture was partitioned between
saturated agueous NaHCO3 and 60/40 ethyl acetate/hexane.

- Evaporation of the organic layer gave a residue which was
purified by filtration through silica gel to give 320 mg of
a mixture containing (2°'R,3'S)-2',7-(bis)triethylsilyl-3'-
desphenyl-3'-~(4-methoxyphenyl) taxol and a small amount of
the (2'S,3'R) isomer. .

To a solution of 320 mg (0.288 mmol) of the
mixture obtained from the previous reaction in 18 mL of
acetonitrile and 0.93 mL of pyridine at 0 °C was added 2.8



Preparati on of 3'-desphenyl-3'- (3, - 4-nethy|enedioxypheny|)

t axol To a solution of 7-triethylsilyl baccatin II 02868 ol )
in 2 nL of THF at -45[err] C. was added dropw se O. 174fEtéLAGfMENHSBEM
solution of nBuLi in hexane. After 0.5 h at -45 C., sol utTorrof

ci s-1-benzoyl -3-triethyl silyl oxy-4- (3,4-nethy|ened|oxyp
2-one (610 ng, 1.43 QEPMk?aégf

37 |

mL of 48% aqueous HF. The mixture was stirred at 0 °C for
3 h, then at 25 °C for 13 h, and partitioned between
saturated aqueous sodium bicarbonate and ethyl acetate.
Evaporation of the ethyl acetate solution gave 255 mg of
material which was purified by flash chromatography to give
172 mg (68%) of 3'-desphenyl-3'-(4-methoxyphenyl) taxol,
which was recrystallized from methanol/water.

m.p. 174-176 °C;{a)23,-48.86° (c 0.05, CHCls).

'n NMR (CDC1;, 300 MHz) § 8.12 (d, J = 7.1 Hz, 2H, benzoate
ortho), 7.72 {(m, 2H, aromatic), 7.59 (m, 1H, aromatic),
7.53-7.36 (m, BH, aromatic), 6.96 (d, J = 8.8 Hz, 1lH, NH),
6.90 (m, 2H, aromatic), 6.26 (s, 1H, H10), 6.21 (dd, J =
9.3, 9.3 Hz, 1H, H13), 5.70 (dd, J = 8.8, 2.7 Hz, 1H, H3'),
5.66 (d, J = 6.8 Hz, 1H, H2B8), 4.93 (dd, J = 9.9, 2.2 Hz,
1H, HS), 4.74 (&4, J = 5.5, 2.7 Hz, 1H, H2"), 4.39 (m, 1H,
H7), 4.29 (4, J = 8.8 Hz, 1H, H20a), 4.18 (d, J = 8.8 Hz,
1H, H208), 3.78 (d, J = 6.8 Hz, 1H, H3), 3.78 (s, 3H,
ArQMe), 3.67 (4, J = 5.5 Hz, 1H, 2'OH), 2.61 (m, 1H, Héa),
2.50 (4, J = 4.4 Hz, 1H, 70H), 2.37 (s, 3H, 4Ac), 2.31 (m,
21, Hl4), 2.22 (s, 3H, 10Ac), 1.84 (m, 1H, H6B), 1.79 (br
s, 3H, MelB), 1.79 (s, 1lH, 1OH), 1.67 (s, 3H, Mely), 1.22
(s, 3H, Mel7), 1.13 (s, 3H, -Mel6).

een Replaced
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mml) in 2 of THF was added dropwi se to the m xture. The sol ution was
warmed to O C. and kept at that tenperature for 1 h before 1 nL of a 10%

solution of AcOH in THF was added. The m xture was par

saturated a

of the organlcnﬁg%er gave a resi due which was purified

0 ed_between_

err] and 60/ 40 et hyl acetate

N T

Cl

O nmn

Preparation of 3‘;desphenyl-3'-(4-chloropheny1) taxol.

To a solution of 7-triethylsilyl baccatin III

(200 mg, ©0.286 mmol) in 2 mL of THF at -45 °C was added
dropwise 0.174 mL of a 1.63M solution of nﬁuLi in hexane.
After 0.5 h at -45 °C, a solution of cis-l-benzoyl-3-tri-
ethylsilyloxy-4-(4-chlorophenyl)azetidin-2-one.- (595 myg,
1.43 mmol) in 2 mL of THF was added dropwlse to the
mixture. ' The -solution was warmed to 0 °C and kept at that
temperature for 1 h before 1 mL of a 10% solution of AcOH

'in THF was added. The mixture was partitioned between

. saturated aqueous NaHCO4 and'60/40 ethyl acetate/hexane.

Evaporation of the organic layer gave a residue which was
purified by filtration through silica gel to glve 320 mg of
a mlxture contalnlng (2'R,3'S)-2"',7- (b15)tr1ethylslly1
3'-despheny1 3'-(4—chloropheny1) taxol and a small amount
of the (2°'S,3" R) isomer.

To a solution of 320 mg (0.287 mmol) of the
mixture obtained from the previous reaction in 18 mL of
acetonitrile and 0.93 mL of pyridine at 0 °C was added 2.8
mL of 48% aqueous HF. The mixture was stirred at 0 °C for



filtration through silica gel to give 320 ng of a mxtu_eggpm[;gimimgSHgETl-
(2R 3" S)-2",7-(bis)triethylsilyl- 3" -desphenyl-3"- (3, -
4- et hyl enedi oxyphenyl) taxol and a small anount of' th 2'; 3'R) i§o .
To a sol ution of 320 ng (0.284 mml) of the m xture obtdi jed2PrMAY'AE
previous reaction in 18 nL of acetonitrile and 0.93 nL of |pyridine at 0JC
was added 2.8 nL of 48% aqueous HF. The m xture was, stirred at O[err] C
for 3 h, then at 25 C. for 13 h, and parti3foned bet ween satuated agueous
sodi um bi carbonate and et'hyl acetate. Evaporation of the ethyl acetate
sol ution gave. 113 of material which _was purified bg_flash chronatqgraphy
to give 165 ]i,g c4ehens atk 25 °C for 13 h, and partitioned betwee
saturated aqueous sodium bicarbonate and ethyl acetate.
Evaporation of the ethyl acetate solution gave 255 mg of
material which was purified by flash chromatography to give
158 mg (62%) of 3'-desphenyl-3'-(4-chlorophenyl) taxol,

which was recrystallized from methanol/water.

m.p. 173-175 °C;{al23,-50.8° (c 0.01, CHCly).

4 WMR (CDCl,, 300 MHz) § 8.13 (d, J = 7.1 Hz, 2H, benzoate
ortho), 7.72 (4, J = 8.2 Hz, 2H, benzamide ortho),
7.65-7.35 (m, 10H, aromatic), 6.97 (d, J = 8.8 Hz, 1H, NH),
' 6.27 (s, 1H, H10), 6.25 (dd, J = 8.3, 8.3 Hz, 1H, H13),
5.78 (dd, J = 8.8, 2.2 Hz, 1H, H3'), 5.67 (4, J = 7.1 Hz,
1H, H2B8), 4.95 (dd, J = 8.8, 2.2 Hz, 1H, HS), 4.77 (br s,
1H, H2'), 4.40 (m, 1H, HT), 4.31 (d, J = 8.2 Hz, 1H, H20a),
4.19 (4, J = 8.2 Hz, 1H, H208), 3.80 (d, J = 7.1 Hz, 1H,
H3), 3.61 (br s, 1H, 2'OH), 2.54 (m, 1H, H6a), 2.38 (s, 3H,
4Ac), 2.32 (m, 2H, H14), 2.24 (s, 3H, 1l0Ac), 1.85 (m, 1H,
H68), 1.80 (br s, 3H, Mels), 1.68 (s, 3H, Mel9), 1.23 (s,
"3H, Mel7), 1.14 (s, 3H, Mel§).

THIS SHEET HAS BEEN
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3' -desphenyl -3-( 3, 4- net hyl enedi oxyphenyl ) taxol, which was recrystallized
from net hanol / wat er. mp. 178[err]-180[err] C.; [err] -46.6 (c 0.005,
CHC13) : [err]H NVMR (CDCl [er], 300 MHz) [err] 8.14 (d, J=7.2 Hz, 2H,
benzoate ortho), 7.72 (m 2H, aromatic), 7.15 (m.1H aromatic), 7.50 (m
2H, aromatic), 7.38 (m 2H, aromatic), 7.0 (m 1 H aromatic), 6.94 (m 2H,
aromatic), 6.88 (d. J=9. 1 Hz, IHNH), 6.83 (m 1H, aromatic), 6.28.(s, 1H
H10), 6.23 (dd, J= 9.1, 9.1 Hz. 1H H13), 5.97 (s, 2H nethylene), 5.69
(dd, J= 9.1, 2.5 Hz. IH H3'), 5.68 (d. J=6.9 Hz. 1H. -2 1
3=9.6. 2.2 Hz, 1H MS), 4.72 (dd..J=2.5 HAO 1H, H2'), ﬁLﬁdﬁMEﬁ'ﬁ Sﬁ)T
4.31 (d, J=8. 4 Hz, 1H, H20a). 4.20 (d, J=8.4 Hz. 1H H 0 err]), 3.81
1=6.9 Hz,” 1H, H3), 3.60 (br. 1H, 2°0OH), 2.56 (m 1H, H[ rrzmmﬂy@”(d

J=4.1 Hz, 1H, 70H), 2.39 (s, 3H, 4Ac), ERAMBLED 2H . 2.24 (s,
Br
) o]
/lk THIS SHEET HAS BEEN
PRT N ¥ REPLACED
H OH —
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Preparation of 3'-desphenyl-3'-(4-bromophenyl) taxol.

- To a solution of 7-triethylsilyl baccatin III
(200 mg, 0.286 mmol) in 2 mL of THF at -45 °C was added
dropwise 0.174 mL of a 1.63M solution in nBuli in hexane.
Afﬁer 0.5°h at -45 °C, a solution of cis-l-benzoyl-3-tri-
ethylsilyloxy-4-(4-bromophenyl)azetidin-2-one (660 mg, 1.43
mmol) in 2 mL of THF was added dropwise to the mixture.
The solution- was warmed to 0 °C and kept at that
temperature for-1l 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 layer gave a residue which was
purified by filtration through silica gel to give 330 mg of
a mixture containing (2'R,3'S)—2';7-(bis)triethylsily1-3'-
desphenyl-3'5(4—bfomopheny1) taxol and a small amount of
the (2'S,3'R) isomer.

To a solution of 330 mg (0.284 mmol) of the
mixture obtained from the previous reaction.in 18 mL of
acetonitrile and 0.93 mL of pyridine at 0 °C was added 2.8
mL of 48% aqueous HF. The mixture was stirred at 0 °C for
3 h, then at 25 °C for 13 h, and partitioned between



10Ac), 1.88 (m 1H, H6[err]), 1.82 (br s, 3H M18), 1.69 (s, 1H 10H), 1.68
(s, 3H Me19), 1.24 (s, 3H, Ml 7), 1.15 (s, 3H Ml 6).
- 40 -
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saturated aqueous sodium bicarbonate and ethyl acetate.
Evaporation of the ethyl acetate solution gave 265 mg of
material which was pdrified by flash chromatography to give
186 mg (64%) of 3'-desphenyl-3'-(4-bromophenyl) taxol,
which was recrystallized from methanol/water.

m.p. 170-172 °C;[a]25g,-50.94° (c 0.01, CHClg).

1 NMR (CDC1;, 300 MHz) § 8.12 (d, J = 7.2 Hz, 2H, benzoate
ortho), 7.71 (m, 2H, aromatic), 7.61 (m, 1H, aromatic),
7.50-7.47 (m, 6H, aromatic), 7.38 (m, 3H, aromatic), 7.04
(d, J = 8.8 Hz, 1H, NH), 6.27 (s, 1H, H1l0), 6.23 (dd, J =
8.2, 8.2 Hz, 1H, H13), 5.75 (dd, J = 8.8, 2.2 Hz, 1H, H3'),
5.66 (d, J = 7.1 Hz, 1H, H2B8), 4.94 (44, J = 9.3, 1.7 Hz,
1H, HS), 4.75 (&3, J = 2.2 Hz, 1H, H2'), 4.38 (m, 1lH, H7),
4.29 (d, J = 8.2 Hz, 1H, H20a), 4.18 (d, J = 8.2 Hz, 1H,
H208), 3.79 (d, J = 7.1 Hz, 1H, H3), 3.7 (br, 1lH, 2'OH),
2.53 (m, 1H, H6x), 2.38 (br, 1H, 70H), 2.37 (s, 3H, 4Ac),
2.30 (m, 2H, H14), 2.23 (s, 3H, 10Ac), 1.87 (m, 1H, HE8),

''1.80 (br s, 3H, Mel8), 1.80 (s, 1H, 1OH), 1.67 (s, 3H,
Mel9), 1.22 (s, 3H, Mel7), 1.13 (s, 3H, Mel6).

\
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Preparation of 3'-desphenyl-3'-(3,4-methylene-
dioxyphenyl) taxzol. '

_ To a solution of 7-triethylsilyl baccatin III
(200 mg, 0.286 mmol) in 2 mL of THF at -45-°C was added
dropwise 0.174 mL of a 1.63M solution of nBuLi in hexane.

. After 0.5 h at -45 °C, a solution of cis-l-benzoyl-3- tri-
ethy151lyloxy—4—(3 4-methylenedioxyphenyl)azetidin- 2—one
(610 mg, 1.43 mmol) in 2 mL of THF was added dropwise to
the mixture. The solution was warmed to 0 °C and kept at
that temperature for 1 h before 1 mL of a 10% solution of

"AcOH in THF was added. The mixture was partitioned between
saturated aqueous NaHCO5 and 60/40 éthyl acetate/hexane.
Evaporation of the organic layer gave a residue which was
purified by filtration through silica gel to give 320 mg of
a mixture containing (2°'R,3°'S)-2',7-(bis)triethylsilyl-3'-
desphenyl-3'~(3, 4-methy1ened10xyphenyl) taxol and a small
amount of the (2°'S,3'R) isomer.

To a solution of 320 mg (0.284 mmol) of the
mixture obtained from the previous reaction in 18 mL of
acetonitrile and 0.93 mL of pyridine at 0 °C was added 2.8



Preparation of 3'-desphenyl-3'-[3, ' 4- di et hoxyphenyl ) tasol
To a solution of 7-tuiethylsilyl baccatin I11(200 ng, (. .iﬁagﬁgrﬁﬂ+4L4n
of THF at -45 C. was added dropwi se 0.174 nL of a 1.63M S ' MHSHEMLJ
in hexane. After 0.5 h at - 45[err] C., a soluiion of
cis-1-benzoyl -3-trethylsilyl exy-4 (3 _4-di net hoxyphenyl Jazet2 dinpay %%ﬁpe (p30
mg, 1.43 mmol) in 2 nlL of THF TS saddediAdregen $e to thg i xture.

solution was warnmed to 0 C. gand keBEPLaNCEDhat t ¢nper at uf e Tor—t—hbefork [
m. of a 10% sol ution of AcOH 1 n TH was 43

mL of 48% aqueous HF. The mixture was stirred at 0 °C for
3 h, then at 25 °C for 13 h, and partitioned between
saturated agqueous sodium bicarbonate and'ethyl acetate.
Evaporation of the ethyl acetate solution gave 113 mg of
material which was purified by flash éhromatography to give
i65 mg (64%) of 3-desphenyl-3'-(3,4-methylenedioxyphenyl)
taxol, which was recrystallized from methanol/water.

m.p. 178-180 °C;{al}?3,,-46.6° (c 0.005, CHClj).

1y NMR (CDCl;, 300 MHz) § 8.14 (d, J = 7.2 Hz, 2H, benzoate
ortho), 7.72 (m, 2H, aromatic), 7.15 (m, 1H, aromatic),-
7.50 (m, 2H, aromatic), 7.38 (m,2H, aromatic), 7.0 (m, 1H,
.aromaticf, 6§.94 (m, 2H, aromatic), 6.88 (d, J = 9.1 Hz, 1H,
NH), 6.83 (m, 1H, aromatic), 6.28 (s, 1H, H10), 6.23 (dd, J
= 9.1, 9.1 Hz, 1lH, H13), 5.97 (s, 2H, methylene), 5.69 (44,
J = 9.1, 2.5 Hz, 1H, H3'), 5.68 (d, J = 6.9 Hz, 1lH, H2B),
4.95 (4d8, J = 9.6, 2.2 Hz, 1H, HS), 4.72 (dd, J = 2.5 Hz,
14, H2'), 4.41 (m, 1H, H7), 4.31 (d, J = 8.4 Hz, 1H, H20a),
4.20 (4, J = 8.4 Hz, 1H, H20B), 3.81 (d, J = 6.9 Hz, 1H,
H3), 3.60 (br, 1H, 2°'OH), 2.56 (m, 1H, Héa), 2.43 (4, J =
4.1 Hz, 1H, 70H), 2.39% (s, 3H, 4Ac), 2.31 (m, 2H, H14),
2.24 (s, 3H, 10Ac), 1.88 (m, 1H, H68), 1.82 (br s, 3H,
Mel8), 1.69 (s, 1H, 10H), 1.68 (s, 3H, Mel9), 1.24 (s, 3H,
Mel7), 1.15 (s, 3H, Mel6).
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added. The m xture was partitioned between saturated aqug
60/ 40 et hyl acetate/ hexane. Evaporation of the organic

which was purified by filtration through silica gel to
m xture containing (2'R 3 S)-2",7-(bis)triethylsilyl- 3 -d&
4- di met hoxyphenyl ) taxol and a small amount of the (2'S, 3'R)
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Preparation of 3'-desphenyl-3'-(3,4-dimethoxy~

phényl)-téxol.

To a solution of 7-triethylsilyl bacéatin III
(200 mg, 0.286 mmol) in 2 mL of THF at -45 °C was added
dropwise 0.174 mL of a 1.63M solution of nBuLi in hexane.
After 0.5 h at -45 °C, a solution of cis-l-benzoyl-3-tri-
ethylsilyloxy-4-(3,4-dimethoxyphenyl)azetidin-2-one (630
mg, l1l.43 mmol) in 2 mL of THF was added dropwise to the
mixture. The solution was warmed to 0 °C and kept at that
temperature for 1 hr 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 filtration through silica gel to give 330 mg of
a mixture containing (2'R,3°'S)-2",7-(bis)triethylsilyl-3'-
desphenyl-3'-(3,4-dimethoxyphenyl) taxol and a small amount
of the (2°'S,3°'R) isomer.

To ‘a solution of 330 mg (0.286 mmol) of the
mixture obtained from the previous reaction in 18 mL of
acetonitrile and 0.93 mL of pyridine at 0 °C was added 2.8



-41 - To a solution of 330 ny ( the m xture obtai ned
fromthe previous reaction in 18 ni f.nyridine
at 0 C. was added 2.8 nlL of 48% aqu" aBERLA MENTGSHEET |
O[err] C for 3 h. then at 25[err] C. for 13 h, andp tfo :

saturat ed aqueous sodi um bi carbonate and ethyl acetate. Ev ptzqélw@ of the
ethyl acetate solution gave 260 ng of material which was| plri biPWI

chromat ography to give 175 ng (67% of 3'-desphenyl-3"-(
3, 4-di net hoxyphenyl ) taxol, which was recnﬁftallized frqn1nethanollmaf€?.

—————————

mL of 48% aqueous HF. The mixture was stirred at 0 °C for
3 h, then at 25 °C for 13 h, and partitioned between
saturated'aqueous sodium bicarbonate and ethyl acetate.
Evaporation of the ethyl acetate solution gave 260 mg of
material which was purified by flash chromatography to give
175 mg (67%) of 3'-desphenyl-3'-(3,4-dimethoxyphenyl)
taxol, which was recrystallized from methanol/water. '

m.p. 165-167 °C;[«]%5g,-42.0° (c 0.005, CHClj).

1 NMR (CDC1,, 300 MHz) § 8.12 (d, J = 8.3 Hz, 2H, benzoate
ortho), 7.73 (4, J = 8.2 Hz, 2H, benzamide ortho),
7.65-7.35 (m, 6H, aromatic), 7.1-7.0 (m, 2H, aromatic),
6.94 (d, J = 8.8 Hz, 1H, NH), 6.88 (d, J = 8.3 Hz, 2H,
aromatic), 6.27 (s, 1H, H10), 6.21 (dd, J = 9.3, 9.3 Hz,
1H, H13), 5.69 (m, 2H, H3, H2B), 4.94 (dd, Hz, J = 9.9, 2.2
Hz, 1H, HS), 4.77 (4, J = 2.8 Hz, 1H, H2'), 4.39 (dd, J =
11.0, 6.6 Hz, 1H, H7), 4.30 (4, J = 8.5 Hz, 1H, H20a), 4.19
(4, J = 8.5 Hz, 1H, H208), 3.88.(s, 3H, ArOMe), 3.87 (s,
3H, ArOMe), 3.80 (d, J = 7.1 Hz, 1H, H3), 3.59 (4, J = 4.4
Hz, 1H, 2'OH), 2.54 (m, 1H, H6az), 2.38 (s, 3H, 4Ac), 2.36
(m, 2H, Hl4a, H148), 2.23 (s, 3H, 10Ac), 1.86 (m, 1H, H6B),
1.80 (br s, 3H, MelB), 1.68 (s, 3H, Meld), 1.23 (s, 3H,
‘Mel7), 1.14 (s, 3H, Mels$s).
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mp. 165[err]-167[err] C.; [err] -42.0[err] (c 0.005 CHOTJerr]). [err]H
NWVR (CDCl[err], 300 MHz) [err] 8.12 (d, 1=8.3 Hz, 2H, bg O ERO kel V3
(d, 1=8.2 Hz, 2H. benzam de ortho), 7.65-7.35 (n1 6H. a E.g ?.0
(m 2H, aromatic), 6.94 (d. J=8.8 Hz, 1H, NH), 6.88 (d, : :
matic). 6.27 (S, 1H H10), 6.21 (dd J=9.3. 9.3 Hz. 1H. H13), 5.69 (m 2H,
H3, H2[err]), 4.94 (dd. Hz. 1=9.9. 2.2 Hz, 1, HH5), 4.77 (d. J=2.8 Hz, 1H,
"H2'), 4.39 (dd. J=11.0. 6.6 Hz. 1H, H7), 4.30 (d. J =8.5 HzlH_ H20[err]),
4.19 (d. J=8.5 Hz. 1H, H20[err]). 3.88 (s. 3H ArOw), 3.8] _ :
3.80 (d, J=7.1 Hz. IH H3), 3.59 (d, J=4.46eHz. 1H 2'CH), 2.
Héa). 2.38 (s, 3H, 4Ac), 2.36 (m 2H Hl4a. Hl4[err]), 2.2
1.86 (m 1H, H6[err]), 1.80 (br s. 3H MeI8), 1.68 (s, 3H,
3H, Me 17), 1.14 (s, 3H, Mel6). EXAMPLE 12
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Preparation of N-debenzoyl-N-ethoxycarbonyl taxol.

To a solution of 7-triethylsilyl baccatin III

(155 mg, 0.221 mmol) in 2 mL of THF at -45 °C was added

- dropwise 0.136 mL of a 1.63M solution of nBuLi in hexane.
After 0.5 h at -45 °C, a solution of cis-l-ethoxycarbonyl-
3-triethylsilyloxy-4-phenylazetidin-2-one (336 mg, l.1l1
mmol) in 2 mL of THF was added dropwise to the mixture.
The solution was warmed to 0 °C and kept at that
temperature for 1 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 filtration through silica gel to give 252 mg of
a mixture containing (2°'R,3°'S)-2',7-(bis)triethylsilyl-N-
debenzoyl-N-ethoxycarbonyl taxol and a small amount of the
(2'S,3'R) isomer. "

To a solution of 252 mg (0.112 mmol) of the
mixture obtained from the previous reaction in 12 mL of
acetonitrile and 0.6 mL of pyridine at 0 °C was added 1.8
mL of 48% aqueous HF. The mixture was stirred at 0 °C for

-3 h, then at 25 °C for 13 h, and partitioned between
saturated aqueous sodium bicarbonate and ethyl acetate.
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Evaporation of the ethyl acetate solution gave 216 mg of
material which was purified by flash chromatography to give
155 mg (85%) of N-debenzoyl-N-ethoxycarbonyl taxol, which
was recrystallized from methanol/water.

m.p. 161.5-162.5 °C; [«]?5g,~62.2° (c 0.51, CHCly).

ln NMR (CDC1l;, 300 MHz) § 8.12 (d, J = 7.7 Hz, 2H, benzoate
ortho), 7.65-7.3 (m, 8H, aromatic), 6.28 (m, 1H, H1l0)
6.27(m, 1H, H13), 5.67 (d, J = 7.1.Hz, 1H, H2B8), 5.53 (d, J
= 9.3 Hz, 1H, H3'), 5.29 (d, J = 9.3 Hz, 1H, NH), 4.94 (dd,
J = 9.3, 2.2 Hz, 1H, H5), 4.64 (dd, J = 5.0, 2.8 Hz, 1H,
H2'), 4.41 (m, 1H, H7), 4.29 (d, J = 8.5 Hz, 1H, H20e),
4.17 (4, J = 8.5 Hz, 1H, H208), 4.01 (g, J = 7.1 Hz, 2H,
COOCH,CH3), 3.79 (d, J = 7.1 Hz, 1H, H3), 3.45 (d, J = 5
Hz, 1H, 2'OH), 2.54 (m, 1H, H6a), 2.47 (d, J = 3.9 Hz 1H,
TOH), 2.36 (s, 3H, 4Ac),2.24 (s, 3H, 10Ac), 2.22 (m, 2H,
Hl4a, H148), 1.87 (m, 1H, H6az), 1.83 (br s, 3H, Mels), .1.77
(s, 1H, 10H), 1.68 (s, 3H, Mel9), 1.27 (s, 3H, Mel7), 1.15
(s, 3H, Mel6), 1.14 (t, J = 7.1 Hz, 2H, COOCH,CHj).
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Preparation of N-debenzoyl-N-ethoxycarbonyl taxol To a sol ution of
7-triethylsilyl baccatin Ill (155 ng, 0.221 mmol)) in 2 nL of THF at
-45[err] C. was added dropwi se 0.136 nL of a 1.63M solution of nBuLi in
hexane. After 0.5 h at -45 C., a solution of :
ci s-1-ethoxycarbonyl -3-trieth- ylsilyloxy-4- phenylazetldln- 2-one (386 ngy,
1.11 mmol) in 2 nL of THF was added dropwi se to the m xture,_ _The solution.
was warmed to O[err]C. and kept at that tenperature for 1 T I ot
a 10% sol ution of AcOH in THF was added The m xture was pa tﬁﬁéwgm%t%ﬁ
saturated aque- ous NaHCO err] and 60/40 ethyl acetate/ hexpng. Evaporatio
of the organic layer gave a residue which W purified by fi tt%@imww
through silica gel to give 252 ng of a nlxture contalnlng 2 R
3'S)-2,7-(bis)triethylsilyl-N debenzoyl - —d
E&mmﬂﬁLll

M\ & o
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Preparation of 3'-desphenyl-3'-(4-nitrophenyl)
taxol.

To a solution of 7-triethylsilyl baccatin III

(200 mg, 0.286 mmol) .in 2 mL of THF at -45 °C was added
dropwise 0.174 mL of a 1.63M solution of nBulLi in hexane.
‘After 0.5 h at -45 °C, a solution of cis-l-benzoyl-3-tri-
ethylsilylpxy-4-(4-nitrophegy1)azetidin—z—one (610 mg, 1.43
mmol) in 2 mL of THF was added dropwise to the mixture.
The solution was warmed to 0 °C and kept at that

_temperature for 1 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 filtration through'silica gel to give 320 mg of
a mixture containing (2'R,3'S)-2",7-(bis)triethylsilyl-3'-
desphenyl-3'-(4-nitrophenyl) taxol and a2 small amount of
the (2'S,3'R) isomer.

To a solution of 320 mg (0.284 mmol) of the
mixture obtained from the previous reaction in 18 mL of
acetonitrile and 0.33 mL of pyridine at 0 °C was addéd 2.8




et hoxycar bonyl taxol and a small anobunt of the (2'S 3"R) isoner. To a
solution of 252 ng (0.112 mmol ) of the m xture obtaine '
reaction in 12 nL of acetonitrile and 0.6 nL of pyridi pe
added 1.8 mL of 48% aqueous HF. The m xture )
h, then at 25[err] C for 13 h, and p
sodi um bi car bonat e and et hyl IE\\E0
sol ution gave 216 ng of mater aﬁ‘hhggh
to give 155 ng (85% of N-debgqnz et hoxycar bonyl
recrystal - |lized from net hanol Twat er. 49p. 161.5-162.5 C
62.2[err] (c 0.51, CHCl[err]). [err]H NVMR (CDCl [err], 300 WHz) [err] 8.12

(d, J=7.7 Hz. 2H, benzoate ortho), 7.65-7.3 (m 8H aromatic), 6.28 (m 1H
mL of 48% aqueous HF. The mixture was stirred at 0 °C for

3 h, then at 25 °C for 13 h, and partitioned between
.saturated agueous sodium bicarbonate and ethyl acetate.

Evaporation of Lhe ethyl acetate solution gave 255 mg of
material which was purified by flash chromatography to give
147 mg. (57%) of 3'-desphenyl-3'-(4-nitrophenyl) taxol,
which was recrystallized from methanol/water.

m.p. 188-190 °C;[e}254,-63.7° (c 0.01, CHClj).

1y NMR (CDCl,, 300 MHz) § 8.26 (d, J = 8.8 Hz, 2H, benzoate
ortho), 8.20 (m, 2H, aromatic), 7.73 (m, 4H, aromatic),
7.60 (m, 1H, aromatic), 7.52 (m, 4H, aromatic), 7.41 (m,
1H, aromatic), 7.15 (4, J =~ 8.8 Hz, 1lH, NH), 6.26 (s, 1H,
H10), 6.26 (d4d, J = 9.3, 9.3 Hz, 1H, H13), 5.93 (dd, J =
8.8, 2.8 Hz, 1H, H3'), 5.66 (4, J = 6.6 Hz, 1H, H2B), 4.94
(dd, J = 9.3, 1.7 Hz, 1H, H5), 4.82 (dd, J = 3.9, 2.8 Hz,
1H, H2'), 4.38 (m, 1H, H7), 4.30 (d, J = 8.8 Hz, 1lH, H20a),
4.19 (d, J = 8.8 Hz, 1H, H208), 3.86 (d, J = 3.9 Hz, 1H,
2'0H), 3.79 (4, J = 6.6 Hz, 1lH, H3), 2.55 (m, 1lH, Héa),
2.46 (4, J = 3.8 Hz, 1H, 70H), 2.41 (s, 3H, 4Ac), 2.38 (m,
2H, H14), 2.23 (s, 3H, 10Ac), 1.82 (m, 1H, HGB), 1.80 (br .
s, 3H, Mel8), 1.74 (s, 1H, 10H), 1.68 (s, 3H, Mel9), 1.21
(s, 3H, Mel7), 1.13 (s, 3H, Mels). |




H10) 6.27 (m 1H, H 13), 5.67 (d, J=7.1 Hz, 1H, H2[err]), 5.53 (d, J=9.3
Hz, 1 H Herr]), 5.29 (d, J=9.3 Hz, 1H, NH). 4.94 (dd, J=9.3, 2.2 Hz, 1H,
H5), 4.64 (dd, J=5.0, 2.8 Hz, 1H H2'), 4.41 (m 1H, H7), 4.29 (d, J=8.5
Hz, 1H, H20[err]), .4.17 (d, J=8.5 Hz. 1H. H20[err]), 4.01 (q, 1=7.1 Hz, 2H,
COCCH err ] - 43 -
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_Preparation of 3'-desphenyl-3'-(2-furyl) taxol.

To a solution of 7-triethylsilyl baccatin III
(100 mg, 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 0.5 h at -45 °C, a solution of cis-l-benzoyl-3-tri-
ethylsilyloxy-4-(2-furyl)azetidin-2-one (266 mg, 0.715
mmol) in 1 mL of THF was added dropwise to the mixture.
The solution was. warmed to 0 °C and kept at that
temperature for 1 h before 1 mL of a 10% solution of AcOH
in THF was added. The mixture was partitioned between
"saturated agqueous NaHCO5 and 60/40 ethyl acetate/hexane.
Evaporation of the organic layer gave a residue which was
purified'by filtration through silica gel to give 143 mg of
a mixture containing (2°'R,3'S)-2',7-(bis)triethylsilyl-
3‘'-desphenyl-3'-(2-furyl) taxol and a2 small amount of the
(2'S,3'R) isomer. | ' '

To a solution of 143 mg of the mixture obtained
from the previous reaction in 6 mL of acetonitrile and 0.3
mL of pyridine at 0 °C was added 0.9 mL of 48% aqueous HF.
The mixture was stirred at 0 °C for 3 h, then at 25 °C for



CH err]), 3.79 (d. J=7.1 Hz. 1H, H3), 3.45 (d, J=5 Hz. 1H, 2'OH), 2.54 (m
1H. Hea), 2.47 (d, J=3.9 Hz 1H 70H), 2.36 (s, 3H. 4Ac), 2.24 (s. 3H

10Ac), 2.22 (m 2H. Hl4HZ H14D), 1.87 (m 1H, Hea), 1.83 (br s, 3H M18),
1.77 (s, 1H 10H). 1.68 (s. 3H, M19), 1.27 (s, 3H, Me17) 1.15 (s. 3H M16
),1.14 (t, J=7.1 Hz. 2H. COOCH err]CH err]). 'HﬂSSHEETIiG?%égﬁhF 13
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13 h, and partitioned between saturated aqueous bicarbonate
and ethyl acetate. Evaporation of the ethyl acetate
solution gave 115 mg of material which was purified by
flash chromatography to give 98 mg (81l%) of 3'-despheny1—
3'=-(2-furyl) taxol, which was recrystalllzed from
methanol/water. |

m.p. 174-176 °C;[a}?3y,-47.8° (c 0.045, CHClj).

H NMR (CDC1;, 300 MHz) § 8.14 (d, J = 7.0 Hz, 2H, benzoate
ortho), 7.74 (m, 2H, aromatic), 7.51 (m, 7H, aromatic),

6.86 (d, J = 9.2 Hz, 1H, NH), 6.40 (d, J = 1.2 Hz, 2H,
furyl), 6.29 (s, 1H, H10), 6.24 (dd, J = 9.2, 9.2 Hz, 1H,
H13), 5.89 (dd, J = 9.2, 2.4 Hz, 1H, H3'), 5.69 (d, J = 7.0
Hz, 1H, H2B), 4.96 (dd, J = 9.5, 1.8 Hz, 1H, HS), 4.83 (d,
J = 2.4 Hz, 1H, H2'), 4.42 (dd, J = 10.7, 6.7 Hz, 1H, HT),
4.31 (d, J = 8.6 Hz, 1H, H20a), 4.20 (d, J = 8.6 Hz, 1H,
H208),-3.83 (d, J = 7.0 Hz, 1H, H3), 2.56 (m, 1lH, Hé6a),
2.43 (s, 3H, 4Ac), 2.35 (m, 2H, H14), 2.24 (s, 3H, 10Ac),
1.89 (m, 1H, H6B), 1.87 (br s, 3H, Mel8), 1.87 (s, 1H,
10H), 1.69 (s, 3H, Mel9), 1.25 (s, 3H, Mel7), 1.15 (s, 3H,
Mels). '

-_
This Sheet Has Been R

TR



Preparation of 3'-desphenyl-3 '-(4-nitrophenyl) taiol
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Preparation of 3'-desphenyl-3'-(4-fluocrophenyl)
taxol.

To a solution of 7-triethylsilyl baccatin III
(200 mg, 0.286 mmol) in 2 mL of THF at -45 °C was added
dropwise 0.174 mL of a 1.63M solution of nBuLi in hexane.
After 0.5 h at -45 °C, a solution of cis-l-benzoyl-3-tri-
ethyLsilyloxy-4-(4—£luoropheny1)azetidin-z—one (570 mg,
1.43 mmbi) in 2 mL of THF was added dropwise to the
mixture. The solution was warmed to 0 °C and kept at that
temperature for 1 h before 1 mL of a 10% solution of AcOH
in THF was added. The mixture was partitioned between
saturated agqueous NaHCO5 and 60/40 ethyl acetate/hexane.
Evaporation of the organic layer gave a residue which wés
purified by filtration through silica gel to give 315 mg of
a mixture conéainihg (2'R,3'S)-2',7-(bis)triethylsilyl-3'~
desphenyl- 3'-(4-fluorophenyl) taxol and a small amount of
the (2'S,3'R) isomer.

To a solution of 315 mg (0.286 mmol) of the
mixture obtained from_the previous reaction in 18 mL of
acetonitrile'and 0.93 mL of pyridine at 0 °C was added 2.8



To a solution of 7-triethylsilyl baccatin II'1 (200 nmg, 0.286 mvol) in 2 nL
of THF at -45[err] C. was added dropw se 0.174 nlL of a 1.63M sol ution of
nButi in hexane. After 0.5 h at -45 C., a solution df

ci s- 1- benzoyl - 3-tri et hyl si L yl oxy-4- (4- n|trOphenyI)ageﬁEﬁ*@EEMﬁwgnﬁﬂﬁﬂil Ny,
1.43 mol) in 2 nL, of THF was added dropw se to the n1xture The solufion
was warmed to O[err] C. and kept at that tenperatureffor 20MAehgye [ of
a 10% sol ution of AcOH in THF was added. The m xture S partltloned
bet ween saturated aqueous NaHCO err] and 66840 et hyl | acetat e/ Trexanes:

mL of 48% agueous HF. The mixture was stirred at 0 °C for
3 h, then at 25 °C for 13 h, and partitioned between
saturated aqueous sodium bicarbonate and ethyl acetate.
Evaporation of the ethyl acetate solution gave 250 mg of
material which was purified by flash chromatography to give
160 mg (64%) of 3'-desphenyl-3'-(4—fluorophéﬂyl) taxol,
which was recrystallized from methanol/water. |

m.p.171-173 °C;[a]?3y,-49.0° (c 0.005, CHClj).

14 NMR (CDC1l;, 300 MHz) § 8.13 (d, J = 7.5 Hz, 2H, benzoate
ortho), 7.25 (m, 2H, aromatic), 7.61 (m, 1lH, aromatic),
7.50 (m, 4H, aromatic), 7.43 (m, 2H, aroma:ic), 7.10 (m,
2H, aromatic), 6.96 (d, J = 8.7 Hz, 1H, NH), 6.27 (s, 1lH,
H10), 6.25 (dd, J = 8.7, 8.7 Hz, 1lH, H13), 5.79 (44, J =
8.7, 2.4 Hz, 1H, H3'), 5.67 (4, J = 7.1 Hz, 1H, H2B), 4.45
(dd, J = 7.9 Hz, 1H, HS5), 4.76 (44, J = 4.8, 2.4 Hz, 1H,
H2'), 4.39 (m, 1H, H7), 4.31 (d, J = 8.9 Hz, 1H, H20«),
4.20 (4, J = 8.9 Hz, 1H, H208), 3.80 (d, J = 7.1 Hz, 1H,
H3), 3.57 (4, J = 4.8 Hz, 1H, 2°'OH), 2.58 (m, 1H, H6a),
2.43 (8, J = 4.3 Hz, 1H, 70H), 2.38 (s, 3H, 4Ac), 2.30 (m,
2H, H14), 2.24 (s, 3H, 10Ac), 1.85 (m, 1H, H6B), 1.80 (br
s, 3H, Mel8), 1.69 (s, 1H, 10H), 1.55 (s, 3H, Mel9), 1.23
(s, 3H, Mel7), 1.14 (s, 3H, Mel§).
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Evaporation of the organic |ayer gave a residue which was purified by
filtration through silica gel to give 320 ng of a m xture containing

(2R, 3'S)-2',7-(bis)triethylsilyl- 3'-desphenyl-3-(4-nitrophenyl) taxol
and a small anmount of the (2'S, 3 R) isoner. To a solution of 320 ny
(0.284 mml) of the mixture obtained fromthe previous reaction in 18 nL of
acetonitrile-
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Preparation of 3‘'-Desphenyl-3'-(2-thienyl) taxol.

To a solution of 7-triethylsilyl baccatin III
(100 mg, 0.143 mmol) in 'l mL of THF at -45 °C was added
dropwise 0.087 mL of a 1.63M solution of nBuLi in hexane.
' After 0.5 h at -45 °C, a solution of cis-1-(4-benzoyl)-3-
-triethylsilyloxy-4-(2-thiényl)azetidin-z—one (257'mg, 0.715
mmol) in 1 mL of THF was added dropwise to the mixture.
The solution was warmed to 0 °C and kept at that
temperature for 1 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 layer gave a residue which was
purified by filtration through silica gel to give 169 mg of
a mixture containing (2°'R,3'S)-~2',7-(bis)triethylsilyl-
3'-desphenyl-3'-(2-thienyl) taxol and a small amount of the
(2'S,3'R) isomer. '

‘"To a solution of 169 mg of the mixture obtained
from the previous reaction in 6 mL of acetonitrile and 0.3
mL of pyridine at 0 °C was added 0.9 mL of 48% agueous HF.
The mixture was stirred at 0 °C for 3 h, then at 25 °C for



and 0.93 nL of pyridine at 0 C. was added 2.8.nt of 4896aqueous HF The
m xture was stirred at O[err] C for 3 h, then at 25
partitioned between saturated aqueous sodi um bi carbo
Evaporation of the ethyl acetate solution gave 255 i ch was
purified by flash chromat ography to give 147 ng (579
4-nitrophenyl) taxol, which was recrystallized fro
188[err]-190[err] C.; [err] 63.7[err] (c 0.01, CHC]E€
(CbC[err], 300 MHz) a 8.26 (d, J=8.8 HAS 2H, benzoate ortho) 8.20 ( 2H
aromatic), 7.73 (m 4H, aromatic), 7.60 (m 1H aron&ati .
aromatic), 7.41 (m 1H. arommlq% 7.15 (d, 1=8.8 Hz, 1H, Mﬂ 26 (s
1H, H10), 18. 2B, (@;d Jpergitdom bfhweﬁm)sasugeteéd aqupogs ?083%‘“ 1H,
H3'), 5. 66 il robifate H%ndl%tﬂ‘;{zie'él’:]e)t’at‘éﬁdf Evaporation of the ethyl

acetate solution gave 140 mg of material which was purified

and

by flash chromatography to give 93 mg (76%) of 3'-desphenyl-
3'-(2-thienyl) taxol, which was recrystallized £from
methanol/water. ' '

m.p. 173-175 °C; [«]23g,-42.1° (c 0.515, CHClj).

1y NMR (CDCl;, 300 MHz) § 8.14 (d, J = 7.1 Hz, 2H, benzoate
ortho), 7.72 (4, J = 8.7 Hz, 2H, benzamide ortho),

7.65-7.35 (m, 6H, aromatic), 7.31 (dd, J = 5.5, 1.1 Hz, 1H,
thienyl), 7.19 (d4d, J =3.9, 1.1 Hz, 1lH, thienyl), 7.03 (44,
J = 5.5, 3.9 Hz, 1lH, thienyl), 6.96 (4, J = 8.8 Hz, 1lH,
NH), 6.28 (s, 1H, H10), 6.24 (dd, J = 8.8, 7.7 Hz, 1H,
H13), 6.05 (dd, J = 8.8, 1.7 Hz, 1H, H3'), 5.68 (d, J = 7.1
Hz, 1H, H2), 4.95 (dd, J = 9.3, 1.7 Hz, 1H, H5), 4.78 (4, J
= 2.2 Hz, 1H, H2'), 4.40 (dd, J = 11.0, 6.6 Hz, 1lH, H7),
4.31 (d, J = 8.5 Hz, 1H, H20a), 4.20 (d, J = 8.5 Hz, 1H,
H208), 3.81 (d, J = 7.1 Hz, 1H, H3), 3.72 (br. s, 1H,
2'0H), 2.54 (m, 1H, H6a), 2.41 (s, 3H, 4Ac), 2.37 (m, 2H,
Hl4a, H14B), 2.23 (s, 3H, 1l0Ac), 1.88 (m, 1H, Hb6«z), 1.82
(br s, 3H, Mel8), 1.68 (s, 3H, Mel9), 1.23 (s, 3H, Mel7),
1.14 (s, 3H, Mel6). ' '
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(dd, J=9.3, 1.7 Hz, 1H, H5), 4.82 (dd. 1=3.9, 2.8 Hz, 1H, H2'), 4.38 (m
1H. H7), 4.30 (d. J=8.8 Hz, 1H H20[err]), 4.19 (¢, J=8.8 Hz. 1H
H20[err]), 3.86 (d, 1=3.9 Hz, 1H 2'OH), 3.79 (d, J=a.6 Hz, 1 H HS); 2.55
(m 3H, Hea), 2.4 J =3.8 Hz, 1H, 70H), 2.41 (s. W-PLMEMENTZSﬁ 1& , 2,
H 14), 2.23 (s.; y 82 (m 1H, H6[err]), 148 18),
1.74 (s. 9), 1.21 (s, 3H
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EXAMPLE 17
Preparation of 2',7-hydroxy protected Tazol using

i
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magnesium alkoxide:

To a solution of 7-triethylsilyl baccatin III
(100 mg, 0.143 mmol) in 1 mL of THF at -45 °C was added
dropwise 0.048 mL of a 3.0 M solution of methyl magnesium
bromide in ether. After 1 h at -45 °C, a solution of
(+)-cis-l-benzdyl-B—triethylsilyloxy—4-phenylazetidin-z-one
(82 mg, 0.215 mmol) in 1 mL of THF was added dropwise to
the mixture. The solution was warmed to 0 °C and kept at
that temperature for 4 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 by recrystalli-
zation to give 148 mg (96%) of (2'R,3°'S)-2',7-(bis)tri-
~ ethylsilyl taxol.

Preparation of 2',7-hydroxy protected Taxol using
potassium alkoxide:

To a solution of 7-triethylsilyl baccatin III
(100 mg, 0.143 mmol) in 1 mL of THF .at -45°C was added
dropwise 0.286 mL of a 0.5 M solution of potassium
hexamethyldisilazide in toluene. After 1 h at -45 °C, a
solution of (+)-cis-l-benzoyl-3-triethylsilyloxy-4-phenyl-
azetidin-2-one (82 mg, 0.215 mmol) in 1 mL of THF was added
dropwise to the mixture. The solution was warmed to 0°C
and kept at that temperature for 3 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
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gave a residue which was purified by flash chromatography
followed by recrystallization to give 139 mg (90%) of
(2'R,3'S)-2',7-(bis)triethylsilyl taxol.

_ EXAMPLE 195
Preparation of 2',7-hydroxy protected Taxol using

lithium alkoxide from lithium hexamethyldisilazide:

To a solution of 7-triethylsilyl baccatin III
{100 mg, 0.143 mmol) in 1 mL of THF at -45 °C was added
dropwise 0.143 mL of a3 1.0 M solution of lithiuﬁ hexa-~
methyldisilazide in THF. After 1 h at -45 °C, a solution
of (+)-cis-l-benzoyl-3-triethylsilyloxy-4-phenylazetidin-
2-one (82 mg, 0.215 mmol) 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 layer gave a residue which was

purified by flash chromatography followed by recrystalli-
zation to give 151 mg (98%) of (2°'R,3'S)~-2',7-(bis)tri-
ethylsilyl taxol. '

EXAMPLE 20
Preparation of Taxol using lithium alkoxide (from

lithium hexamethyldisilazide):

To a solution of 7-triethylsilyl baccatin III
(100 mg, 0.143 mmol) in 1 mL of THF at =45 °C was added
dropwise 0.143 mL of a 1.0 M solution of lithium hexa-
methyldisilazide in THF. After 1 h at -45 °C, a solution
of (+)-cis-l-benzoyl-3- (2-methoxy-2-propyloxy)-4-phenyl-
azetidin-2-one (58 mg, 0.172 mmol) in 1 mL of THF was added
dropwise to the mixture. The solution was warmed to 0°C
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Preparati on of 3-desphenyl-3'-(2-furyl) taxol To a sol ution of
7-triethylsilyl baccatin Ill (100 ng, 0.143 mol) in 1 nL of THF at
-45[err] C. was added dropwi se 0.087 nL of a 1.63M solution of nBuLi in
hexane. After 0.5 h at -45 C., a solution of

ci s- 1- benzoyl - 3—t+tethyltsitytoxy-4- (2-furyl)azeddi nj . —~0] 715
mol) in 1 of FHEpasneHdetedcapi Se to the mxtu Reeee el SHEerO) 7

AN

and kept at that temperature for 2 h before 1 mL OF & 10
soluthmu_of AcOM in THF was added. The mixture was

58
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partitioned between saturated agueous NaHCO, and 60/40
ethyl acetate/hexane. Evaporation of the organic layer
gave a residue which was'purified by recrystallization to
give 147 mg (99%) of (2'R,3'S)-2'-(2-methoxy-2-propyloxy)-
7-triethylsilyl taxol.

To a solution of 116 mg (0.112 mmol) of
(2'R,3'S)-2'-(2~-methoxy-2-propyloxy)-7-triethylsilyl taxol
in 6 mL of acetonitrile and 0.3 mL of pyridine at 0°C was
added 0.9 mL of 48% aqueous HF. The mixture was stirred at
0°C for 8 h, then at 25°C for 10 h. The mixture was
partitioned between saturated aqueous sodium bicarbonate
and ethyl acetate. Evaporation of the ethyl acetate
solution gave 113 mg of material which was purified by
recrystallization to give 95 mg (99%) of taxol, which was
identical with an authentic sample in all respects.

EXAMPLE 21

Menthyl N-benzoyl-(2°'R,3'S)-phenylisoserine ester.

h o)

A

OH H

To a solution of (-)-menthol (22 mg, 0.143 mmol) in 1 mL of
THF at -45 °C was added dropwise 0.143 mL of a 1.0 M
solution of lithium hexamethyldisilazide in THF. After 1 h
at -45 °C, a solution-of (+)—cis-lebenzoy1-3—(2-methoxy-2-
propyloxy)-4-phenylazetidin-2-one (58 mg, 0.172 mmol) in 1

++:3 SI+EET HAS BEEN |
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warmed to 0 C. and kept at thatitenperature for 1 h before 1'nL of a 10%

solution of AcOH in THF was add e mxture was partitioned- between
sat urat ed agueous NaHCO3 and 60/ 40 et hyl acet at e/ hexghe—Evaporatiaon.of the
organi c | ayer gave ahisSisetdaeBesaRemleciths purified by fifl RERLAGEMENTT SHERT
silica gel to give lﬂmmm‘ﬂl ure containing (2'|R3-S—=2~—+—(Ris)
triethylsilyl- 3'-des uryl) taxol and a jsnal n t he
(2'S, 3'R) isoner. boaﬂw 159?

59 '

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 layer gave 77 mg of a residue which was dissolved
in 6 mL of THF at 0°C. 'To this solution was added 0.9 mL
of glacial acetic acid and .9 mL of water. The mixture was
stirred at 0°C for 3 h, then partitioned between saturated
aqueous sodium bicarbonate and ethyl acetate. Evaporation
of the ethyl acetate solution gave 70 mg of material which
was purified by chromatography on silica gel to give 48 mg
(80%) of methyl N-benzoyl-(2'R,3'S)-phenylisoserine ester.

EXAMPLE 22
Bornyl N-benzoyl-(2'R,3'S)-phenylisoserine ester.

o)
o
o

Pa

0
[+
<

To a solution of (-)-borneol (22 mg, 0.143 mmol) in 1 mL of
THF at -45 °C was added dropwise 0.143 mL of a 1.0 M
solution of lithium hexamethyldisilazide in THF. After 1 h
at -45 °C, a solution of (+)-cis-l-benzoyl-3-(2-methoxy-2-
propyloxy)-4-phenylazetidin-2-one (58 mg, 0.172 mmol) in 1
mL of THF was added dropwise to the mixture. The solution
was warmed to 0°C and kept at that temperaturé for 2 h
before 1 mL of a 10% solution of AcOH in THF was added.

The mixture was partitioned between saturated aqueous
NaHCO5 and 60/40 ethyl acetate/hexane. Evaporation of the
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- 46 - To a solutign o

reaction in 6 nL ¢f a '
0.9 nL of 48@6aqueou;7
25 C. for 13 h, and A/
bonate and et hyl. acet at e

115 ng of material which was
-desphenyl -3' - (2-fur

(81% of 3'

43 mg of the m xture obtained fromthe previous
and 0.3 nL of pyridine at—8—G—was._added

| xtUre.was stirred at 0 C. {f BEPIACEMENIneSHERYT |
Lyeen saturated aqueousfsq@thi ' »
yyof of the ethyl acetat (ﬂiﬁi ave
//ed by flash chronmat ogr aphy h@&@ 8 hy
) taxol, which was recrystallized from

A\14

met hanol / wat er. mp. 174-176[err] C.; [@gr] 47.8[err]f (c 0.045,

CHCl [err]).

[err]H NVR (CDO [err], 300 MHz) [err] 8.14 (tr—3=¥—6—tz—2H

organic layer gave'75 mg of a residue which was dissolved
in 6 mL of THF at 0°C. To this solution was added 0.9 mL
of glacial acetic acid and .9 mL of water. The mixture was
stirred at 0°C for 3 h, then partitioned between saturated

aqueous sodium bicarbonate and ethyl acetate. Evaporation

- 0f the ethyl acetate solution gave 70 mg of material which

was purified by chromatography on silica gel to give 54 mg
(90%) of bornyl N-benzoyl-(2'R,3'S)-phenylisoserine ester.

EXAMPLE 23
S-verbenyl N-benzoyl~(2'R,3'S)-phenylisoserine
ester. - :

o]
o
o

.

0
HH
m

To a solution of S-cis-verbenol (22 mg, 0.143 mmol) in 1 mL
of THF at -45 °C was added dropwise 0.143 mL of a 1.0 M
solution of lithium hexamethyldisilazide in THF. After 1 h

.dt -45 °C, a solution of (+)-cis-l-benzoyl-3-(2-methoxy-2-

propyloxy)-4-phenylazetidin-2-one (58 mg, 0.172 mmol) 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 layer gave 79 mg of a residue with was dissolved in
6 mL of THF at 0°C. To this solution was added 0.9 mL of
glacial acetic acid and .9 mL of wéter. The mixture was
stirred at 0°C for 3 h, then partitioned.between saturated
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"benzoate ortho), 7.74 (m 2H, aromatic) , 7.51 (m 7H, aromatic), 6.86 (d,
J=9.2 Hz, 1H, NH), 6.40 (d. J=1.2 Hz. 2H, furyl), 6.29 (s, ! H H10), 6.24
(dd. J=9.2, 9.2 Hz, | H H13), 5.89 (dd, J =9.2, 2.4z 1H H3), 5.69 (d
1=7.0 Hz, 1H, H2[err]), 4.96 (dd, J=9.5, 1.8 Hz, 1H| RSP ( .
Hz, 1H, H2), 4.42 (dd. J=10.7, 6.7 Hz, 1H, H7), 4.3 LAGHME&TA?*

H20[ err]), 4.20 (d. J=8.6 Hz. 1H. H20[err]) 3.83 ( J= 7 Hz.
2.56 (m 1H, He[err]), 2.43 (s, 3H 4Ac), 2.35 (m
10Ac) , 1.89 (m 1H, He[err]) 1.87 (br s. g M18)
1.69 (s, 3H Mel9), 1.25 (s, 3H,-Ml7). 1.15 (s, 3

aguecus sodium bicarbonate and ehtyl acetate. Evaporation.
of the ethyl acetate solution gave 70 mg of material which
was purified by chromatography on silica gel to give 55 mg
(92%) of S-verbenyl N-benzoyl-(2'R,3'S)-phenylisoserine
ester.

EXAMPLE 24
Terpinen~4-yl N-benzoyl-(2'R,3°'S)-phenylisoserine
ester.

Hm Shee
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To a solution of (+)-terpinene-4-ol (22 mg, 0.143 mmol) in
1 mL of THF at -45 °C was added dropwise 0.143 mL of a 1.0
M solution of lithium hexamethyldisilazide in THF. After 1
h at -45 °C, a solution of (+)-cis-l-benzoyl-3-(2-methoxy-
2-propyloxy)-4-phenylazetidin-2-one (58 mg, 0.172 mmol) 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 NaHCOg4 and 60/40 ethyl acetates/hexane. "Evaporation
of the organic layer gave 80 mg of a residue which was
dissolved in 6 mL of THF at C0°C for 3 h, then pértitioned
between saturated agqueous sodium bicarbonate and ethyl
acetate. Evaporation of the ethyl acetate solution géve 70
mg of material which was purified by chromatography on
silica gel to give 50 mg (83%) of terpinen-é-yl N-benzoyl-
(2°R,3'S)-phenylisoserine ester.
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EXAMPLE 25

Isopinocamphenyl N-benzoyl-(2'R,3'S)-phenyl-
isoserine ester.

(o)

ba

b 3
0

(o}
o
H o

To a solution of (-)-isopinocamphenyl (22 mg, 0.143 mmol)-
in 1 mL of THF at -45 °C was added dropwise 0.143 mL of a

1.0 M solution of lithium hexamethyldisilazide in THF.

After 1 h at -45 °C, a solution of (+)~cis-l-benzoyl-3-(2-
methoxy-z-propyloxy)—4-phenylazetidin72—one (58 mg, 0.172
mmol) 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 layer gave 77 mg of a residue which was

@dissolved in 6 mL of THF at 0°C. To this solution was

added 0.9 mL of glacial acetic acid and .9 mL of water.
The mixture was stirred at 0°C for 3 h, then partitioned
between saturated aqueous sodium bicarbonate and eEhyl
acetate. Evaporation of the ethyl acetate solution gave 70
mg of material which was purified by chromatograéhy on
silica gel to give 53 mg (89%) of isocamphenyl N-benzoyl-
(2'R,3'S)-phenylisoserine ester.

i



Preparation of 3 '-desphenyl-3'-(4-fluorophenyl)
t axol -
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EXAMPLE 2§

a—-terpineyl = N-benzoyl-(2°'R,3°'S)-~phenylisoserine

ester.

(o]

/-

o g
(0]

(o}
4
=

To a solution of (-)-menthol (22 mg, 0.143 mmol) in 1 mL of
THF at -45 °C was added dropwise 0.143 mL of a 1.0 M
solution of lithium hexamethyldisilazide in THF. After 1 h
at -45 °C, a solution of (+)-cis-l-benzoyl-3-(2-methoxy-2-
propyloxy)-4-phenylazetidin-2-one (58 mg, 0.172 mmol) 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 acetateshexane. Evaporation of the
organic layer gave 73 mg of a residue which was dissolved
in 6 mL of THF at 0°C. To this solution was added 0.9 mL
0f glacial acetic acid and .9 mL of water. The mixture was
stirred at 0°C for 3 h, then éartitiohed between saturated
aqueous sodium bicarbonate and ethyl acetate. Evaporation
of the ethyl acetate solution gave 70 mg of-matefial which
was purified by chromatography on silica gel to give 48 mg
(80%) of a-terﬁineyl N-benzoyl-(é'R,B'S)-phenylisoserine

ester.
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To a solution of 7-triethylsilyl baccatin IIl (200 mg, 0.286 mvol) in 2 nL
of THF at -45 C. was added dropwi se 0.174 niL of a 1. 63NIsqut|on of nBud in
hexane. After 0.5 h at 45 C, a solution of
ci s-1-benzoyl -3-triethylsilyl oxy-4- (4- quorophenyI)azeﬁ_ﬁg -»EM? ¥fl
ng, 1.43 mmol) in 2 mL of THF was added dropwi se to the FEN #ﬁé EET
solution was warned to O[err] C. and kept at that tenperature for 1 h
before 1 nL of a 10% solution of AcOH in THF was added. TheZﬁngy/as
partitioned between satrated aqueous NaHCEéerr] and 60/4(Q et hyl
acet at e/ hexane. Evaporation of the organic ﬂayer gave g resSTduewheh—va
purified by filtration through silica gel to glve 315 g Qf a mxture
containing (2R 3'S) -2,7- (bis)triethylsilyl- - desphenyl - 3" - (4-
f1 uor ophenyl) taxol and a snall anDuntE%QMEH%—%§ S, 3'R) isomer.
Preparation of 2',7-hydroxy protected Taxol us1ng

0

sodium alkoxide:

To a solution of 7-triethylsily1 baccatin I1I
(100 mg, 0.143 mmol) in 1 mL of THF at -45°C.is added
dropwise 0.143 mL of a2 1 M solution of sodium hexamethyl-
disilazide in THF. After'l h at -45 °C, a solution of
(+)-cis-l—benzoyl—3-t:iethylsi1yloxy—4-phenylazetidin-Z—one
(82 mg, 0.215 mmol) in 1 mL of THF is added dropwise to the
mixture. The solution is warmed to 0°C and kept at that
temperature for 3 h before 1 mL of a 10% solution of AcOH
in THF is added. The mixture is partitioned befween
saturated agqueous NaHCO5 and 60/40 ethyl acetaée?hexane.
Evaporation of the organic layer gives a residue which is
purified by flash chromatography followed by recrystalli-
zation to give 108 mg (706) of (2'R,3°'S)-2',7-(bis)tri-
'_ethylszlyl taxol.

\aced . -
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- 48- To a solution of 315 ng (0.286 muol) of the nixtUre obt ai ned from
the previous reaction in 18 nL of acetonitrile and 0.93 nL of pyridine at
O[err] C. was added 2.8 nL of 48%
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Preparation of N-debenzoyl-N-(4-chlorobenzoyl)
taxol. |

To a solution of 7-triethylsilyl baccatin III

(200 mg, 0.286 mmol) in 2 mL of THF at -45 °C was added
dropwise 0.174 mL  of a 1.63M solution of nBuLi in hexane.
After 0.5 h at -45 °C, a solution of (+)-cis-1-(4-chloro-

fben;oyl)-3-triethylsilyloxy-4-phenylazetidin-z-one (215 mg,

~ 0.515 mmol) in 2 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 éthyl acetate/hexane.
Evaporation of the organic layer gave a residue which was
purified by filtration through silica gel to give 320 mg of
crude (2'R,3'S)-2’,7-(bis)triethylsilyl-N—debenzbyl-N—(4—
chlorobenzoyl) taxol.

I Thisg THIS SHEET HAS BEEN

!
!



aqueous HF. The m xture was stirred at 0 C. for 3 h, then_at 25[err] C for
13 h, and partitioned between saturated aqueous sodiun1bic§£ - .
et hyl acetate. Evaporation of the ethyl acetate solutionjg
material which was purified by flash chronmatography to gjv
3' -desphenyl -3' - ( 4-fluorophenyl) taxol, which was recrygt
nmet hanol / wat er . mp.171[err]-173[err] C.; [err]-49.0[
CHC13) . [err]H NVMR (CDCl [err], 300 MHz) [err] 8.13 (d.f 3
benzoate ortho), 7.25 (m 2H, aromatic), 7.61 (m 1H, a
4H, aromatic), 7.43 (m 2H, aromatic), 7.186 (m 2H aromatic), 6.96
1=8.7 Hz, 1H, NH), 6.27 (s, 1H, H10) , 6.25 (dd, J=8.7, 8.7 Hz. 1H H13),
5.79 (dd, J=8.7, 2.4 Hz, 1H H3), 5.67 (d. J=7.1 Hz. IH, HZEerr]g, 4,45
(dd, J=7.9 Hz. IH H5)Togaresqbatignqof 3290 mg Q4 2§p)mmol) of this
crude product in 18 mL of acetonitrile and 0.93 mL of
pyridine at 0 °C was added 2.8 mL of 48% aqueous HF. The
mixture was stirred at 0 °C for 3 h, then at 25 °C for 13

h, and partitioned between saturated aqueous sodium

bicarbonate and ethyl acetate. Evaporation of the ethyl
acetate solution gave 252 mg of material which was purified
by f£lash chromatography to give 213 mg (84%) of N-debenzoyl-
N-(4-chlorobenzoyl) taxol, which was recrystallized from
methanol/water. '

m.p. 179-181 °C; [a]25g,-49.8° (c 0.01, CHCl,).

1y NMr (CDC13, 300 MHz) § 8.12 (d( J = 7.1 Hz, 2H, benzoate
ortho), 7.64 (m, 2H, aromatic), 7.60 {(m, 1H, aromatic),
7.49 (m, 9H, aromatic), 7.03 (4, J = 8.8 Hz, 1H, NH), 6.26
(s, 1H, Hl0), 6.21 (dd,.J = 8.2, 8.2 Hz, 1H, H1l3), 5.76
(83, J = 8.8, 2.2 Hz, 1lH, H3'), 5.66 (4, J = 7.1 Hz, 1H,
'H28), 4.92 (dd, J = 9.9, 1.1 Hz, 1H, H5), 4.77 (dd, J =

.'5.5, 2.2 Hz, 1lH, H2'), 4.38 (m, 1H, H7), 4.29 (48, J = 8.8
Hz, 1H, HZO&), 4.18 (d, J = 8.5 Hz, 1H, H208), 3.78 (d, J =
6.6 Hz, 1H, H3), 3.35 (4, J = 5.5 Hz, 1lH, 2°'OH), 2.55 (m,
1H, H6a), 2.49 (d, J = 4.2 Hz, lH,.7OH), 2.36 (s, 3H, 4Ac),
2.28 (m, 2H, Hl4), 2.22 (s, 3H, 10Ac), 1.85 {(m, 1lH, H6B),
1.77 (br s, 3H, Mel8), 1.76 (s, 1H, 1OH), 1.67 (s, 3H,
Mel9), 1.22 (s, 3H, Mel7), 1.13 (s, 3H, Mel6).
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4.39 (m 1H. H7), 4.31 (d, J=8.9 Hz, ‘1H. H20[err]), 4.20 (d. J=8.9 Hz. 1H
H20[err]), 3.80 (d. J=7.1 Hz. 1H, H3), 3.57 (d. J=4.8 Hz. 1H 2'OH), 2.58
(m 1H, Hea), 2.43 (d. J=4.3 Hz. 1H, 70H). 2.38 (s, 3H 4Ac), 2.30 (m 2H
H 14), 2.24 (s, 3H. 10Ac). 1.85 (m 1H, He[err]), 1.80 (& 3H_Mels),
169 (S. 1H, 10H). 1.55 (s, 3H Ml 9), 1.23 (s. 3H Me17
Me16) . EXAMPLE 16 [err]

67

Preparation of N-debenzoyl-N-(4-t-butylbenzoyl)
taxol. ' '

To a solution of 7-triethylsilyl baccatin III

(200 mg, 0.286 mmol) in 2 mL of THF at -45 °C was added
dropwise 0.174 mL of a 1.63M solution of nBuLi in hexane.
After 0.5 h at ~45 °C, a solution of (+)-cis-1-(4-t-butyl-
benzoyl)-3-triethylsi1y10xy-4-phehylazetidin;z-one (226 mg,
0.515 mmol) in 2 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 NaHCO5 and 60/40.ethy1 acetate/hexane.
Evaporation of the organic layer gave a residue which was
.purified by filtration through silica gel to give 330 mg of
crude (2°'R,3'S)-2',7-(bis)triethylsilyl-N-debenzoyl-N-(4-
t-butylbenzoyl) taxol. '

~ To a solution of 330 mg (0.289 mmol) of this
crude product in 18 mL of acetonitrile -and 0.93 nlL of
pyridine at 0 °C was added 2.8 mL of 48% agueous HF. The
mixture was stirred at 0 °C for 3 h, then at 25 °C for 13
h, and partitioned between saturated aqueous sodium
bicarbonate and ethfl acetate. Evaporation of the ethyl

-
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- 49- Preparati on of 3'-Desphenyl-3'-(2-thienyl)taxol To a
solution . of 7-triethylsilyl baccatin Il (100 ng, 0.143 mol) in 1 nL of
THF at -45[err] C. was added dropwi se 0.087 nL of a 1.63N=salution of nBuLi
in hexane. After 0.5 h at -45 [err] C., a solution of cis dr -
-3-triethylsilyloxy- 4- (2-thienyl)azetidin- 2-one (277
1 nL of THF was added dropwi se to the m xture. The sol ut{oh
Oferr] C. and kept at that tenperature for'l h before 1

saturated aqueous NaHCJO err] and 60/40 et pyl acet at e/ hexane.
t he

acetate solution gave 260 mg of material which was purified
by flash chromatography to give 240 mg (92%) of N-debenzoyl-
N-(4-t-butylbenzoyl) taxol, which was recrystallized from
methanol/water.

m.p. 171-173 °C; [«]23,-49.1° (c 0.05, CHCl;).

g NMR (CDCl;, 300 MHz) § 8.13 (d, J = 7.1 Hz, 2H, benzoate
ortho), 7.76-7.25 (m, 12H, aromatic), 6.98 (d, J = 8.8 Hz,
1H, NH), 6.27 (s, 1H, H10), 6.21 (dd, J = 8.8, 8.8 Hz, 1H,
H13), 5.77 (dd, J = 8.8, 2.7 Hz, 1H, H3'), 5.67 (d, J = 6.6
Hz, 1H, H2B), 4.94 (4d, J = 9.3, 1.2 Hz, 1H, HS), 4.78 (dd,
J = 4.4, 2.7 Hz, 1H, H2'), 4.38 (m, 1H, H7), 4.29 (d, J =
8.2 Hz, 1H, H20e), 4.20 (d, J = 8.2 Hz, 1H, H208), 3.79 (4,
J = 6.6 Hz, 1H, H3), 3.65 (d, J = 4.4 Hz, 1H, 2'OH), 2.57
(m, 1H, H6a), 2.48 (4, J = 4.1 Hz, 1H, 70H), 2.37 (s, 3H,
4Ac), 2.31 (m,. 2H, H1l4), 2.22 (s, 3H, 10Ac), 1.85 (m, 1H,
H6B), 1.79 (br s, 3H, Mels), 1.68 (s, 1H, 1O0H), 1.68 (s,
3H, Mel9), 1.29 (s, 9H, ArtBu), 1.23 (s, 3H, Mel7), 1.13
(s, 3H, MelS$).
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organi c | ayer. gave a residue which was purified by filtration through
silica gel to give 169 ng of a mxture containing (2'R 3" §)-2",
7-(bis)trethylsilyl- 3" -desphenyl-3"-(2-thihyl) taxol and a small anount of
the (2'S, 3R) isoner. To a solution of 169 ng of the m xture obtained
fromthe previous reaction in 6 nL of acetonitrile and 0.3 nL of pyridine
at O[err]C. was added 0.9 nL of 48% aqueous HF. The ni xture was stirred at
Oferr]C. for 3 h, then at 25 C. for 13 h, and partition dR
aqueous sodiunlbicarbonate and ethyl acetate. Evaporati ¢n
acetate solution gave 140 ng of materi al wh? ch was purl'

chromat ography to give 93 ng (76% of 3'-desphenyl-3'-(
whi ch was recrystalllzed fron1nethamﬂ£ggﬁ§iz_lﬂ nlp 1
-42.1[err] (c 0.515, CHCl [err]).

Oum

CH,0

Preparation of N-debenzoyl-N-—(4-methoxybenzoy15-
3'-desphenyl-3*'-(4-fluorophenyl) taxol.

: To a solution of 7-triethylsilyl baccatin III
"~ (200 mg, 0.285 mmol) in 2 mL of THF at -45. °C was added
dropwise 0.175 mL of a 1.63M solution of nBulLi in hexane.

After 0.5 h at -45 °C, a solution of cis-1l-(4-methoxy-
benzoyl)-3-triethylsilyloxy-4-(4-fluorophenyl)azetidin-

" 2-one (614'mg, 1.43 mmol) in 2 mL of THF was added dropwise
to the mixture. The solution was warmed to 0 °C and kept
at that temperature for 1 h before 1 mL of a lp% solution
of AcOH in THF was added. The mixture was partitioned
between saturated équeous NaHCO; .and 60/40 ethyl
acetate/hexane. Evaporation of the organic layer gave a-
residue which was purified by filtration through silica gel
to give 362 mg. of .a mixture containing (2°'R,3°'S)-2',7-
(bis)triethylsilyl-N-debenzoyl-N-(4-methoxybenzoyl)-3'-~
desphenyl-3'~(4-fluorophenyl) taxol and a small amount of
the (2'S,3'R) isomer.
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[err]H NMR (CDCl [err], 300 MHz) [err] 8.14 (d, J=7.1/ 2H, benzoate
ortho). 7.72 (d, J=8.7 Hz, 2H, benzami de ortho), 7.6b-gepa.l

aromatic), 7.31 TI= 1.1 Hz. 1H, thienyl), 7.
1H, thienyl), 7qmgsgg 5. 9 Hz, 1H, thienyl),
H NH), 6.28 (Sﬁ/ / §ep~R6p1%§d(dd J=8.8, 7.7 Hz,

J=8.8, 1.7 Hz, 1  J=7.1 Hz, 1H, H2),
Hz, 1H, H5), 4. 1H, H2'), 4.40 (dd,
H7). 4.31 (d, J=8.5 Hz. [err]), 4.20 (d =8 .
3.81 (d. 1=7.1 Hz. 1H H3), 3.72 (br s , 2.54 (M TH: .
(s, 3H 4Ac). 2.37 (m 2H, Hlda, Hl4[err 2 23 (s, 3H 10Ac). 1. "85 (m
1H  Hea), 1.82 (br s. 3H, Mel18), 1.68 (s, 3H Mel9), 1.23 (s. 3H Mel7),

1.14 (s, 3H Mel1l6). To a solution of 362 mg of the mixture obtained
’ from the previous reaction in 12 mL of acetonitrile and 0.6

mL of pyridine at 0 °C was added 1.8 mL of 48% agqueous HF.
The mixture was stirred at 0 °C for 3 h, then at 25 °C for
13 h, and partitioned between saturated aqueous sodium
bicarbonate and ethyl acetate. Evaporation of the ethyl
acetate solution gave 269 mg of material which was purified
by £lash chromatography to give 183 mg (71%) of N-debenzoyl-
N—(4-methoxybenzoyl)-3'-désphenyl-3'—(4—fluorophenyl)
taxol, which was recrystéllized-from methanol/water.

m.p. 172.5-174.5 °C;[al?3g,-47.0° (c 0.0044, CHClj).

1H NMR (CDCl;, 300 MHz) § 8.13 (4, J = 7.2 Hz, 2H, benzoate
ortho), 7.7-7.4 (m, 9H, aromatic), 7.10 (dd, J = 8.8, 8.8 .
Hz, 2H, aromatic), 6.97 (d, J = 8.8 Hz, 1H, NH), 6.27 (s,
1H, H10), 6.23 (dd, J = 8.8, 8.8 Hz, 1H, H13), 5.76 (44, J
- 8.8, 2.2 Hz, 1H, H3'), 5.67 (4, J = 7.1 Hz, 1H, H28),
4.94 (dd, J = 9.9, 2.2 Hz, 1H, HS5), 4.75 (dd, J = 4.4, 2.2
Hz, ‘14, H2'), 4.39 (m, 1H, H7), 4.31 (d, J = 8.5 Hz, 1lH,
H202), 4.19 (4, J = 8.5 Hz, 1H, H208), 3.79 (d, J = 7.1 Hz,

/ 1H, H3), 3.59 (d, J = 4.4 Hz, 1H, 2'OH), 2.54 (m, 1H, Héa),
2.47 (4, J = 4.4 Hz, 1H, 7O0H), 2.36 (s, 3H, 4Ac), 2.30 (m,
2H, Hl4e, H14B), 2.24 (s, 3H, 1l0Ac), 1.88 (m, 1H, Héa),
1.78 (br s, 3H, Mel8), 1.74 (s,.1lH, 1lOH), 1.68 (s, 3H,
‘Mel9), 1.23 (s, 3H, Mel7), 1.14 (s, 3H, Mels).

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, i; is intended that all matter contained
in the above description be interpreted as illustrafive and

not in a limiting sense.




;50 - EXAMPLE 17 Preparat i

prot ect ed Taxol using magnesi um al ko
- 71 -
CLAIMS
1. A process for the preparation of a substituted

isoserine ester having the formula

comprising reacting a B-lactam with a metal alkoxide, the 8-
lactam having the formula - '

R; R;

and the metal alkoxide having the formula ‘\\\\\\\\\\\\\‘\\\\\
| MOCE, E,E, / /II/I Repige,
wherein _ ' I / ///I /I/

P ad

M is a metal,

Ri is -ORG, -SR7, or -NRaRg; .

R, is hydrogen, alkyl, alkenyl,'alkynyl, aryl,
or heterocaryl;

Ry and R, are independently hydrogen, alkyl,
alkenyl, alkynyl, aryl, heterocaryl, or acyl, provided, .
however, that Ry and R, are not both acyl,

Rg is -COR;4, -COOR,q, -COSRyq, -CONRgR;g,,
-SO5R;4. OX -POR12513,. :
_ Rg is hydrogen, alkyl, alkenyl, alkynyl, aryl,
heteroaryl, hydroxy protecting group, or a functional group
which increases the water solubility of the taxane

" derivative,




To a solution of 7-triethylsilyl baccatin IIl (100 ng, 0.143 mmol) in 1 nL
of THF atr*45£ELLL_£L_ﬂ@§“EEg$d dropwi se 0.048 nL of a 3.0M sol ution of

met hyl magnegj Lde in her. After 1 h at -45[err] C.. a solution of
(+) -cis-:i1- Wﬂw yl si |yl oxy- 4- phenyl azer pot+f—2—one (82 ny. _
0.215 mol ) in * Mis added dropwi se to thel rEPLACEMENThGHERY Ut i on

was warnmed to O C. and kept at that tenperature for hbefore—t—rt—o0f] a
10% sol ution of AcOH in THF was addeg. .The mi xture

PaIr ilial,0 Retiween
satrated aqueous NaHC( err] and 60/ 40 et hyl acetate/hexagéfhétééggat' n of
the organic | ayer gave a residue which was purified y—iflash

ehr o anhy oL oURS PNl BT o Mg i LR
or sulfhydryl protecting group, '
Rg is hydrogen, alkyl, alkenyl, alkynyl, aryl,
or heteroaryl;
| Ry is an amino protecting group;
Ryq is alkyl, alkenyl, alkynyl, aryl, or

(7))

heteroaryl;

Ry, is alkyl, alkenyl, alkynyl, aryl,
heterocaryl, -OR,q5, Of -NRgRq,.

R;, and R;5 are independently alkyl, alkenyl,-
alkynyl, aryl, heteroaryl, -OR;,, Or -NRgRj,., '

R;4 is hydrogen, alkyl, alkenyl, alkynyl, aryl,
or heterocaryl; and

E,, E, and E, are independently hydrogen,
hydrocarbon or cyclic, provided, at ;east one of E;, Ey and
E; is other than hydrogen.

2. ‘A process according to claim 1, wherein the
carbon to which E;, By and E5 are attached is a secondary or
tertiary carbon. '

3. A process according to claim 1 or claim 2,
wherein at least one of E,, E, and E; comprises a
carbocyclic skeleton.

4. A process according to claim 1, wherein two of
E,, E, and E; together with the carbon to which they. are
attached comprise a polycyclic skeleton.

5. A process according to claim 4, wherein two of
E,, E, and E; together with the carbon to which they are
attached comprise a polycarbocyclic skeleton consisting of
carbon and oxygen atoms.

-
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EXAMPLE 18 " Preparation of 2,7-hydroxy protected Taxol using

pot assi um al koxi de To a solutlon of 7-triethylsilyl baccatin Il

0.143 mmol ) +A32— of THE at -45[err] C. was added {d
o]

0. 5M sol ution thy|d|S|Ia2|de in
-45[err] C., Tm,m "]B!"Hm mge - benzoyl -

3- trlethyIS|IyI 6xyc4-phenylsaz din- 2-one (82 ng, §. 215297141&\)799)1 nL of
THF was added dropwi se to the mixture. The solutionfwas warmed to Ofefr]C.
and kept at that tenperature for 3 Wdhefore 1 nL offa 10% sorottomof] AcCH
in THF was added. The m xture was partitioned bet sat urat ed aquequs
NaHCO err] and 60/40 ethyl acetate/ hexane. Evaporation of the organiC |ayer

gave a resgdue which Was process according to any one of claims 1 to 5,
wherein the metal alkoxide has the following formula

(100 ny,
of a
at

3

wherein T, is a hydroxy protecting group, and 32
is -OCOCH, or -0T, wherein T, is a hydroxy protecting group.

7. A process for the preparation of a taxane
derivative comprising:

. _providing a metal alkoxide having the formula
MOCE, E,E,, -
reacting the metal alkoxide dwith a B-lactam to
form an intermediate, the f-lactam having the formula:

F il

wherein
_ - one of El' E, and E5 is hydrogen and the other

two of E,, E, and E3 together with the carbon to which they
are attached comprise a polycyclic skeleton; and

M and R, to Ri4 have the same meanings as in
claim 1; and

converting said intermediate to the taxane
derivative.

THIS SHEET HAS BEEN
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purified by flash chronmatography followed by' recrystallization.to

give 139 ng (90% of (2°'R 3 95)-2',7- (bis)triethy|5ilﬁtPEEﬁﬁWENT SHEET
- 51 -

- 74 - 20 MAY 1997
8. ‘A process according to claim™7; whHerein
Rl iS 'ORG .
9. A process according to claim 7 or claim 8,

wherein R, and R, are hydrogen or lower alkyl, 23 is aryl,
R; is -ORg, and Rg is a hydroxy protecting group.

10. ' A process according to claim 9, wherein R, is
phenyl and R; is -ORg wherein Rg is triethylsilyl,
ethoxyethyl, or 2,2,2-trichloroethoxymethyl.

11, A process according to any one of claims 7 to
10, wherein the metal alkoxide is a metal alkoxide of 7-
protected baccatin III.

12. : A process according to any one of claims 7 to
11, wherein M is Li, Mg, Na, K or Ti.

13. A process according to any one of claims 7 to

12, wherein the metal alkoxide is derived from an alcohol
_..having the formula: '

HOQuun

wherein T, is a hydroxy protecting group, Z is -OT,, and T,
is acetyl or hydroxy protecting group.

14. ‘A process according to any one of claims 7 to
13, wherein the metal alkoxide has the following formula:

i




EXAMPLE 19 Preparation of 2',7-hydroxy protected Taxol using
l'ithium al koxide fromlithium hexanethyldisilazide To a solution of
7-triethylsilyl baccatin Il (100 ng, 0.143 nml) in 1 nL of THF at

-45[ err]

hexanet hyl di silazide in THF. After 1 h at -45[er ]REPLAQ&M&NTLBHE@N 5f
(+)-cis-1-benzoyl - 3-triethylsilyloxy-4-phenyl azéti
mmol) in 1 nL of THF was added dropwi se to the mixtu
warmed to O C. and kept at that tenp@Pature for

C. was added dropwise 0.143 nL of a 1.0 - um

- g, 0.215

Soalhy ﬁﬂwa (a 10%

solution of AcOHin TIF was added. The m xture slpartitioned betyween

saturated aqueous NaHCJO err] and 60/ 4@ ehgyl acese/ hexane.

MO

3

wherein Z is -OCOCH; or -OT, wherein T, is a
hydrpxy protecting group and M is selected from the group
comprising Li, Mg, Na, K and Ti.

15. A process according to any one.of claims 7 to
14, wherein the f-lactam has the formula: ‘\\\\\\\\\\\\\\\\
I Mg
Pia
ey Vi
1 2
. 4 3 : .
Ph \bR,
Dy
o]
(s NP
. 1 2 .
4 3
Ph \bR°
wherein Ré'is a hydréxy'protecting group.
ls6. A process according to any one of claims 7 to

15, wherein Re is a hydroxy protecting group selected from
triethylsilyl, ethoxyethyl, 2.2,2-triéhoroethdxymethyl,
trimethylsilyl, dimethyl-t-butylsilyl, dimethylarylsilyl,

THIS SHEET HAS BEEN
 REPLACED




Evaporation of -the organic |ayer gave a residue which was purified by
flash = chromat ography followed by recrystallization to give 151 ng (98%
of (2°R 3 9S)-2",7- (bis)triethylsilyl taxol. EXAMPLE
20 Preparation of Taxol using lithium al koxide (from

| it hi um hexanet hyl di si | azi de) To a solution of 7-triethylsilyl baccatin
11 (100 nmg, 0.143 mml) in 1 nL of THF at -45[err] C. was added dropw se
0.143 nL of a 1.0Msolution of |ithibgm hexanmethyldisilazide in THF. After 1
h at -45[err] ‘C., a solution . of (+)-cis- 1 -benzoyl - 3-

(2- met hoxy- 2- propyl oxy) - 4- phenyl azeti di n- 2-one (58 ng, 0.172 mmol) in 1 nL

of THF was, added dropw se t e .
dimethylhe eroary?s&gyl, and triisopropylsilyl.

17. A process according to claim 16, wherein Rg is a
hydroxy protecting group selected from triethylsilyl, 1-
ethoxyethyl, and 2,2,2-trichloroethoxymethyl.

18. A process according to any one of claims 7 to
. 17, wherein said R-lactam is provided as a racemic mixture

of R-lactam.

-
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m xture. The solution was warned to O[err] C. and kept at that tenperature
for 2 h before 1 nL of a 10% sol utiton of AcOH in THF was added. The ni xture
was partitioned between saturated aqueous NaHCO err] and 60/ 40 et hyl

acet at e/ hexane. Evaporation of the organic |ayer gave a residue which was
purified by recrystallization to give 147 nmg (99% of (2' R
3'S)-2"-(2-net hoxy-2-propyloxy)- 7-triethylsilyl taxol.

PREPARATION OF SUBSTITUTED ISOSERINE ESTERS
METAL ALK B-LACTAM

F THE DISLCL

A process for preparing N-acyl, N-sulfonyl and N-phosphoryl substituted isoserine
" esters in which a metal alkoxide is reacted with a B-lactam.

| REPLACEMENT SHEET |
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-52 - -~ To a solution of. 116 ng (0. 11{2,} mol ) of (2'R 3' S)-2"-(2-
met hoxy- 2- propyl oxy)-7-triethylsilyl - taxol'-in 6 nL of {C e—ane—0-
mL. of pyridine at 0 C. was added 0.9 nL of 48% aqueous H?Eﬁ%@%% SHEEMg
. stirred at O[err] C for 8 h, then at 25[err] C for 14 H. The m xturejwe
partitioned between saturated agueous sodi um bi car bonatfe angaegbylw ?et at
Evaporation of the ethyl acetate sol ut_gon gave 113 ng (¢f {materi al ch
purified by recrystallization to give 95 ng (99% of t xé'I‘,—-wi‘ri-e-h-—ms—
identical with an . o

&l

DDV O W

PREPARATION OF SUBSTITUTED
ISOSERINE ESTERS USING METAL
ALKOXIDES AND B-LACTAMS

This invention was made with Government support
under NIH Grant #CA 42031 awarded by the National
Institute of Health. The Government has certain rights in the
Invention.

REFERENCE TO RELATED APPLICATIONS

This is a continuation of application Ser. No. 07/949,107,
filed on Sep. 22, 1992, now abandoned, which is a continu-
ation-in-part application of U.S. Ser. No. 07/863,849, filed

- Apr. 6, 1992, now abandoned, which was a continuation-
in-part application of U.S. Ser. No. 07/862,955, filed Apr. 3,
1992, now abandoned, which was a continuation-in-part
application of U.S. Ser. No. 07/763,805, filed Sep. 23, 1991,
now abandoned. | |

BACKGROUND OF THE INVENTION

Three esters of N-acyl phenyl isoserine, taxol, taxotere
and cephalomannine have been found to possess significant
properties as antitumor agents. This application describes a
process for the preparation of N-acyl, N-sulfonyl and
N-phosphory! substituted isoserine esters, in general and to
a semi-synthesis for the preparation of taxane derivatives
such as taxol, taxotere and other biologically active deriva-
tives involving the use of metal alkoxides and B-lactams, in
particular. _

The taxane family of terpenes, of which taxol is 2 mem-
ber, has attracted considerable interest in both the biological

‘and chemical arts. Taxol is a promising cancer chemothera-
peutic agent with a broad spectrum of antileukemic and
tumor-inhibiting activity. Taxol has the following structure:



authentic sanple in all respects. EXAMPLE 21
Ment hyl N-benzoyl-(2'R, 3'S)-phenylisoserine ester [err]

REPLACEMENT SHEET
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OAc ¢)]

CeHsCONH 0

wherein Ph is phenyl and 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 by the bark from Taxus brevifollia (Western
Yew). However, taxol is found only in minute quantities in
the bark of these slow growing evergreens. causing consid-
erable concern that the limited supply of 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.

One synthetic routc that has been proposed is directed to
the synthesis of the tetracyclic taxane nucleus from com-

modity 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 (].988),
and invoives the use of a congener of taxol, 10-deacetyl
baccatin IIl which has the structure of formula O shown
below:




To a solution of (-)-nmenthol (22 ng, 0.143 nmmol) in 1 nL of THF at
-45[err] C. was added dropwi se 0.143 nL of a.1.0M solution of lithium
hexanet hyl di silazide in THF. After 1 h at -45 C., a sol y~en_qf

(+)-cis-1-benzoyl - 3- (2- met hoxy- 2- propyl oxy) - 4-phenyl a eBERﬂAﬂE@Eﬁ‘f“_%ﬁ
=) a)

ng, 0.172 mmol) in 1 nL of THF was added dropwi se to th Lu;\tu'rp.

solution was warnmed to O C. and kept aty that tenperatur oJ, h beforel
m. of a 10% solution of AcOH in THF wasS added. The m xtjurfe O&Irmi gn
bet ween sat urated aqueous NaHCO3 and 60/40 ethyl acet atje/thexane.
Evaporation of the organic |ayer gave 77 ng of a residye which was
dissolved in 6 nL of THF at O[err] C. To this solution
gl acial acetic acid and 0.9 niL of water.

mL

(I

10-deacetyl baccatin III is more readily available than taxol
- since it can be obtained from the needles of Taxus baccata.
According to the method of Greene et al, 10-deacetyl
baccatin II is converted to taxol by attachment of the C-10
acetyl group and by attachment 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
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 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. Pat.
No. 4,814,470 that taxol derivatives of the formula ITI below,
have an activity significantly greater than that of taxol (I).
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sat ur at ed aqueous sodi um bi carbonate and ethyl acetate
ethyl acetate solution gave 70 ng of material which wa$
chromat ography on silica gel to give 48 ng (80% of neth
N-benzoyl - (2' R, 3'S)- phenylisoserine ester.

The m xture was stirred at 0 C. for 3 h, then pa ngggm:ﬁ

puri fi ed by
| 23 OCT 1997

-4-

a1m

, OCOCH;
| OCOCsHs
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. Pat. No. 4.418,470, the
products of general formula (III) are obtained by the action
of the sodium salt of tert-butyl N-chlorocarbamate on 2
product of general formula:

in which R' denotes an acetyl or 2,2,2-trichloroethoxycar-
bonyl radical, followed by the replacement of the 2,2,2-
trichloroethoxycarbonyl group or groups by hydrogen. It is
reported by Denis et al. in U.S. Pat. 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 Il or
10-deactylbaccatin I employed for the preparation of the
product of general formula (IV) can be converted to a
product of general formula (II).

RO 0 oW



EXAMPLE 22

-45[err] C. was added dropwi se 0.143 nL of a 1.0M sol utyFomr i ITIi0 ]
hexanet hyl di sil azide in THF. After | h at -45[err] C., o REBLAGGENEN 1o PHEET
(+)-cis-1-benzoyl - 3- (2- net hoxy- 2- -

Bornyl N-benzoyl-(2'R, 3'S)-phenylisoserine ester [err]
To a solution of (-)-borneol (22 ng, 0. 143 mml) in 1 nL of THF at

-5- ¢3 OCT 1997

In an effort to improve upon the Colin et al. process, Denis
et al. disclose a different process for preparing derivatives of
baccatin I or of 10-deactylbaccatin II of general formula

R'O 8] W

CsHs—CH-—NHCOOC(CH3)s

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

O0—R; (VD) -

(CH3);COCONH COOH

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

R;0 o : . S (vin

HO--



propyl oxy) - 4-phenyl azeti di n-2-one (58 ny, 0.172 mmol) in 1 nL of THF was

added dropwi se to the m xture. The solution was warned toﬂg'cul‘ G—and
kept at that tenperature for 2 h before | nL of a 10% sql U Pb&ﬁéﬂﬁN&cSﬁfgﬂ1
THF was added. The mi xture was partitioned between satunatfed agu

NaHCJ err] and 60/ 40 ethyl acctate/hexane. Evaporation ¢f th?3q?£¢“{§}l
B r? C.
t

gave 75 ng of a residue which was dissglved in 6 nL of FHF at 0
this solution was added 0.9 nL of glacial acetic acid ahd
The m xture was stirred at 0 C for 3 h, then partitionEg bet ween sat ur at

O

ed

aqueous sodi um bi carbonate and ethyl acetate. Evaporation o Uhe et
acetate solution gave 70 ng of material which was purified by

chromat ogr aphy oinsvhictaRyels 4 agevy Bfdraxy- ingdgraup and R, is
N-benzoyl - (2" R, 3'a5hydphepY fo?@éﬁhb”&cﬁfﬁ.eén}é %;?;mtcgégniwgroups ii,.
' R, and, where appropriate, R, are then replaced by hydro-

gen. However, this method employs relatively harsh condi-

tions, proceeds with poor conversion, and provides less than

optimal yields. ' |

A major difficulty remaining in the synthesis of taxol and
other potential ant-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 B-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.

Another major difficulty encountered in the synthesis of
taxol is that known processes for the attachment of the
B-amido ester side chain at C-13 are generally not suffi-
ciently diastereoselective. Therefore the side chain precursor
must be prepared in optically active form to obtain the
desired diastereomer during attachment. The process of this
invention, however, is highly diastereoselective, thus per-
mitting the use of a racemic mixture of side chain precursor,
eliminating the need for the expensive, time-consuming
process of separating the precursor into its respective enan- -
tiomeric forms. The reaction additionally proceeds at a faster
rate than previous processes, thus permitting the use of less
side-chain precursor than has been required by such previ-
ous processes.

SUMMARY OF THE INVENTION

Among the objects of the present invention, therefore, is
the provision of a process for the preparation of N-acyl,
N-sulfonyl and N-phosphoryl esters of isoserine; the provi-
sion of a side chain precursor for the synthesis of taxane
derivatives; the provision of a process for the attachment of
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the side chain precursor in relatively high yield to provide an
intermediate which is readily converted to the desired taxane
derivative; and the provision of such a process which is
highly diastereoselective.

In accordance with the present invention, a process is
provided for the preparation of isoserine esters having the

formula
Rs R; (0] E
s Ao
Rs ~C~—Ez
\
Rz Ry E3

comprising reacting a B-lactam with a metal alkoxide, the
B-lactam having the formula

Rs\N _¢0

m—ll—— Ry
Ry R;

and the metal alkoxide having the formula
MOCE,E.E,

wherein g

R, is —OR,, —SR,, or —NRgRy;

R, is hydrogen. alkyl, alkenyl, alkynyl, aryl, or het-
eroaryl; :

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



To a solution of S-cis-verbenol (22 nmg, 0.143 mml) in 1 nL of THF at
-45[err] C. was added dropwi se 0.143 nL of a 1.0M solution of lithium
hexanet hyl di silazide in THF. After 1 h-at -45[err] C., a solution of
(+)-cis-1-benzoyl - 3- (2- met hoxy- 2-propyl oxy) - 4- phen;ri’g { ﬁmﬁ-gﬂéT( $8
ng, 0.172 mmol) in 1 nL of THF was added dropw se tolt . '
solution was warned to 0 C. and kept atsthat t enper atjurle for 2 h981;f

nm. of a 10% sol uti on of AcOH "o 23 0CT 1

re

Lerammasee

Rs is -CORIO’ -—‘COORlo. —COSR“), —CONksto,
—SOZRII’ or —PORlzR‘3, .

R, is hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroaryl,
hydroxy protecting group, or a functional group which
increases the water solubility of the taxane derivative,

R, is alkyl, alkenyl, alkynyl, aryl, heteroaryl, or sulfhy-
dryl protecting group, .

Rg is hydrogen, alkyl, alkenyl, alkynyl, aryl, or het-
eroaryl;

R, is an amino protecting group;

R,o 1s alkyl, alkenyl, alkynyl, aryl, or heteroaryl,

R,, is alkyl, alkenyl, alkynyl, aryl, heteroaryl, —OR,q, or
—NRgR4,

R,; and R,; are independently alkyl, alkenyl, alkynyl,
aryl, heteroaryl, —OR,,, or —NRgR,4,

R, is hydrogen, alkyl, alkenyl, alkynyl, aryl, or het-
eroaryl;

E,, E, and E, are independently hydrogen, hydrocarbon
or cyclic, provided, at least one of E,, E, and E; is other than
hydrogen. Preferably, two of E,, E,, and E, together with the
carbon to which they are attached comprise 2 mono- or
polycyclic skeleton.

In accordance with another aspect of the present inven-
tion, the metal alkoxide and B-lactam are selected so as to
provide a process for preparing taxol, taxotere and other
biologically active taxane derivatives having the following
structural formula:

0))




in THF was added. The m xture was partitioned between saturated aqueous
NaHCO err] and 60/40 ethyl acetate/hexane. Evaporation of the organic |ayer
gave 79 ng of a residue with was dissolved in 6 nL of THF at 0 C To thls
sol uti.on was added 0.9 nL of glacial acetic acid and 0.9 nijl g% ey
m xture was stirred at O[err] C. for 3 h, then partitionedfbgel
sat ur at ed aqueous sodi um bi carbonat e ﬁgd ethyl acetate. Evép
et hyl acetate solution gave 70 ng of terial which was pufiti
chromat ography on silica gel to give 55 ng (92% of S- verb-mﬂ
N benzoyl - (2' R 3'S)- phenylisosenne ester.

wherein

R,-R,, are as previously defined,

R,s and R,4 are independently hydrogen, hydroxy, lower
alkanoyloxy, alkenoyloxy, alkynoyloxy, aryloyloxy or R,
and R4 together form an oxo;

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

R,y and R,, are independently hydrogen or hydroxy or
lower alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloy-
loxy;

R,; and R,, are independently hydrogen or lower
alkanoyloxy, alkenoyloxy, alkynoyioxy, or aryloyloxy or

‘R,; and R,, together form an oxo;

R,, is hydrogen or hydroxy or lower alkanoyloxy, alk-
enoyloxy, alkynoyloxy, or aryloyloxy; or

R,; and R,, together form an oxo or methylene or

R,; and R,, together with the carbon atom to which they
are attached form an oxirane ring or

R,; and R,, together with the carbon atom to which they
are attached form an oxetane ring;

R, is hydrogen, hydroxy, or lower alkanoyloxy, alkenoy-
loxy, alkynoyloxy, or aryloyloxy or

R,4 is hydrogen, hydroxy, or lower alkanoyloxy, alkenoy-
loxy, alkynoyloxy, or aryloyloxy; or R,; and R,s taken
togcther form an oxo; and

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

Briefly, therefore, the taxane derivatives are prepared by
reacting a 3-lactam (2) with a metal alkoxide having the bi-,
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tri- or tetracyclic taxane nucleus to form a B-amido ester
intermediate. The intermediate is then converted to the
taxane derivative. B-lactam (2) has the general formula:

R3 ~ N '40 (2)
173 '
[+ 3
TN
Ri R
wherein R;-R, are as previously defined. The metal alkox-
ide preferably has the tricyclic taxane nucleus corresponding
ho the general formula:

Ris Ris Ry7 &)}

R

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

- Other objects and feamures 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 prepar-
ing substituted isoserine esters, in general, and taxol, taxo-
tere and other taxane derivatives which are biologically

~ active using B-lactam (2), the structure of which is depicted

hereinbelow:

2)
Rs\N_¢0 (
12
3

4
&—l_-— Ry

Ry Ry




To a solution of (+)-terpinene-4-ol (22 ng, 0.143 nmmol) in 1 nL of THF at
-45[err] C. was added dropwi se 0,143 nL of a 1.0 Msolution of lithium

hexanet hyl di silazide in THF. After | h at -45[err] C. ,
(+)-cis-1-benzoyl - 3- (2- net hoxy- 2-propyl oxy)-4-phenyl
ng, 0.172 mmol) in | nL of THF was added dropwi se to t
solution was warned to 0 C. and kept qtut_hat

a

sol uti on of

tidin-2-one (58.
m;;PLAOEMEw-T T

23 0nT 1097

wherein R,, R,, R;, R, and R, are as previously defined.

In accordance with the present invention, R, of B-lactam
(2)is preferably —COR,, with R,, with R,, being aryl,
heteroaryl, p-substituted phenyl, or lower alkoxy, and most
preferably phenyl, methoxy, ethoxy, tert-butoxy (*“tBuQO”;
(CH3)3CO_“), or

<Or

wherein X is Cl, Br, F, CH;0—, or NO,—. Preferably R,
and R, are hydrogen or lower alkyl. R, is preferably aryl,
most preferably, naphthyl, phenyl,

-continued

wherein X is as previously defined, Me is methyl and Phis
phenyl. Preferably, R, is selected from —OR,, —SR, or
—NR4R, wherein R, Ry and Ry, are hydroxy, sulfhydryl,
and amine protecting groups, respectively, and Rg is hydro-
gen, alkyl, alkenyl, alkynyl, aryl, or heteroaryl. Most pref-
erably, R, is —OR, wherein R; is triethylsilyl (“TES"),
1-ethoxyethyl (“EE™) or 2,2.2-trichloroethoxymethyl.



tenperature for 2 h before 1 nL of a 10% solution of AcOH in THF was added.
The m xture was partitioned between saturated aqueous NaHCO err] .and 60/40
et hyl acet at e/ hexane. Evaporation of the organic |ayer gé‘iVﬁEﬁ_Q!‘CIEggEﬁf SHEET
resi due which was dissolved in 6 nL of THF at O[err] C. {of—3~h—thenr
partitioned between saturated aqueous sodi um bi car bonat ejand eéh | _acetaje
Evaporation of the ethyl acetate sol ut Lﬁn gave 70 ng of fmfer4dl h7 was
purified by chromatography on silica §et“to give 50 ng (B3 of

. terpinen-4-yl N-benzoyl-(2'R 3'S)-phenylisoserine ester.

The B-lactam 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. ’

The B-lactam 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 or branched chain and include ethenyl, propenyl,
isopropenyl, butenyl, isobutenyl, aryl, hexenyl, and the like.

The B-lactam 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 B-lactam aryl moieties described, either alone or with
various substituents, contain from 6 to 15 carbon atoms and
include phenyl, a-naphthyl 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 B-lactam (2) may be —ORy4 with
R, being alkyl, acyl, ethoxyethyl (“EE"), triethyisilyl
(*TES™), 2.2.2-trichloroethoxymethyl. or other hydroxyl
protecting group such as acetals and ethers, i.e., methoxym-
ethyl (“MOM™), benzyloxymethyl; esters, such as acetates;
carbonates, such as methyl carbonates; and alkyl and aryl
silyl such as triethylsilyl, trimethylsilyl, dimethyli-t-butylsi-
lyl, dimethylarylsilyl, dimethylheteroarylsilyl, and triisopro-
pyisilyl, 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 conditions that are
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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 taxol
intermediate. However, Ry is preferably triethylsilyl,
l-ethoxyethyl or 2,2,2-trichloroethoxymethyl, and most
preferably triethylsilyl.

Also as noted previously, R, may be a sulfhydryl pro-
tecting group and R; may be an amine protecting group.
Sulfhydryl protecting groups include hemithioacetals such
as 1-ethoxyethy! and methoxymethyl, thioesters, or thiocar-
bonates. Amine protecting groups include carbamates, for
example, 2,2,2-trichloroethylcarbamate or tertbutylcarbam-
ate. A variety of sulfhydryl and amine protecting groups may
be found in the above-identified text by T. W. Greene.

Since B-lactam (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.

B-lactam (2) can be prepared from readily available
materials. as is illustrated in schemes A and B below:

Sch:meA

\r\/L O .

o)
v 20 Hoy _ 20 y Hoy _ 20
Lj/ : L—' ‘t]_—",

At ** OEE Art ' OEE Ar OAe



To a solution of (-)-isopinocanphenyl (22 ng, 0.143 mml) in 1 nt of THF at .
-45[err] C. was added dropwi se 0.143 nL of a 1.0M solution of lithium
hexanmet hyl di silazide in THF. After 1 h at -45[err] C a Iutlon of
(+)-cis-1-benzoyl - 3-(2-nethoxy- 2-propyl oxy)-4-phenyl gz ¢gipflj A=-2=

nmy, 0.172 mml) in 1 nmL of THF was added dropwi se to tHe XLl ."'
solution was warnmed to 0 C. and keptwié that tenperatufeffor 2 h Be >
mL of a 10% solution of AcOH in THF WasS added. The mi xju e%s{)malﬁwu bngd

bet ween

e[ ~\ - o
waio 3 Lot ™) \L

reagents: (a) triethylamine, CH,Cl,, 25° C., 18 h; (b) 4 equiv
ceric ammonium nitrate, CH;CN, -10° C., 10 min; (c) KOH,
THEF, H,0, 0° C., 30 min; (d) ethyl vinyl ether, THF, toluene
sulfonic acid (cat.), 0° C., 1.5h; (e) n-butyllithium, ether,
—78° C., 10 min; benzoyl chioride, =78° C., 1h; (f) lithium.
diisopropyl amide, THF -78° C. to -50° C.; (g) lithium
hexamethyldisilazide, THF -78° C. to 0° C.; (h) THF, -78°
C.to25°C, 12 h. |

The starting materials are readily available. In scheme A,
a-acetoxy acetyl chloride is prepared from glycolic acid,
and, in the presence of a tertiary amine, it cyclocondenses
with mines 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-hy-
droxy-4-arylazetidin-2-ones. The 3-hydroxyl group is pro--
tected with 1-ethoxyethyl, but may be protected with variety
of standard protecting groups such as the triethylsilyl group
or other trialkyl (or aryl) sﬂyl groups. In Scheme B, ethyl-
a-triethylsilyloxyacetate is readily prepared from glycolic
acid.

The racemic B-lactams may be resolved into the pure
enantiomers prior to protection by recrystallization of the
corresponding 2-methoxy-2-(trifluoromethyl) phenyl acetic
esters. However, the reaction described hereinbelow in



saturated aqueous NaHCJO err] and 60/40 et hyl acetate/hexane. Evaporation of -
the organic | ayer gave 77 ng of a residue which was dissolved in 6 nL of TE
at O[err] C To this solution was added 0.9 nL of glacial acetic acid and
0.9 nL of water. The m xture was stirred at 0 C. for 3 h, then partitioned
bet ween sat urated aqueous sodi um bi carbonate and ethyl acetate. Evaporation
of the ethyl acetate solution gave 70 gg of material which was purified by
chromat ography on silica gel to give 53°nmg (89% of isocanphenyl

N-benzoyl -( 2' R 3" S)-phenylisoserine ester.

which the PB-amido ester side chain is attached has the
advantage of being highly diastereoselective, thus permit-
ting the use of a racemic mixture of side chain precursor.
The 3- (l-ethoxyethoxy) -4-phenylazetidin-2-one of

scheme A and the 3-(l-triethylsilyloxy)-4-phenylazetidin-
2-one of scheme B can be converted to B-lactam (2), by
treatment with a base, preferably n-butyllithium, and an acyl
chloride, alkylchloroformate, sulfony! chloride, phosphinyl
chloride or phosphoryl chloride at —~78° C. or below.

- The process of the present invention is parpicl Iarly useful

which are represented by the formula

/ E: .‘\'
MOCv Ex_.
E;

in which E, E, and the carbon to which they are attached
define a carbocyclic and/or heterocyclic skeleton which may
be mono- or polycyclic and E; is hydroocn or hydrocarbon.

: prcferably lower alkyl. Most preferably, the carbocyclic
and/or heterocyclic skeleton comprises about 6 to 20 atoms
and the hetero atoms are oxygen. The cyclic skeleton may be

. hydrocarbon and/or heterosubstituted with heterosubstitu-

~ ents including, for example, esters, ethers, amines, alcohols,
protected alcohols, carbonyl groups, halogens, oxygen, sub-
stituted oxygen or substituted nitrogen.

When the metal alkoxides have the bi-, tri- or tetracyclic
taxane nucleus, the process of the present invention may
advantageously be used to prepare taxane derivatives, many
of which have been found to have significant biological
activity. As used herein, a metal alkoxide having the bicyclic
taxane nucleus has the carbocyclic skeleton corresponding
to rings A and B of metal alkoxide (3):
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1K)

Ras

M and R, -R,; are as previously defined. A metal alkoxide
having the tricyclic taxane nucleus has the carbocyclic
skeleton corresponding to rings A, B and C of metal alkox-
ide (3). A metal alkoxide having the tetracyclic taxane
nucleus has carbocyclic rings A, B and C of metal alkoxide
(3) and the oxetane ring defined by R,4, Ras,and the carbons
to which they are attached.

Preferably, the metal alkoxide used in the process of the
present invention is metal alkoxide (3). Most preferably, R, <
is —OT, or —OCOCHj; R, is hydrogen; R, and R;g
together form an oxo; R,y is —OT,;; Ry, and R,, are
hydrogen; R,, and R,, together with the carbons to which
they are attached form an oxetane ring; R,, is CH,COO-;
R, is PRCOO—; R,4 is hydrogen; R, is hydroxy; and T,
and T, are independendy hydrogen or hydroxy protecting
group.

Meral substituent, M, of metal alkoxide (3) is a Group IA,
A, IIA. lanthanide or actinide element or a transition,
Group IIIA, IVA, VA or VIA metal. Preferably, it is 2 Group
IA, T1A 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 dcfined hereinabove are preferably

lower alkyl 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.



-45[ err]

To a solution of (-)-nmenthol (22 ng, 0.143 nmmol) in 1 nL of THF at

C. was added dropwi se 0.143 nL of a 1.0M sol utd of lithium
hexanmet hyl di silazide in THF. After 1 h at -45[err]C., afspt W" ~ :
(+)-cis-1-benzoyl - 3- (2- met hoxy-2- propyl oxy)- 4-phenyl ' E’ﬁl-‘-fu’)ﬁ@%

ng, 0.172 mmol) in 1 nL of THE was added dropw se to tHe /m xture.

solution was warned to 0 C. and kept at ,}hat t enperat ufe fo?szmhr
L of a 10%solution of AcOH in THE vl
bet ween saturated aqueous NaHCO err] and 60/40 et hyl

added. The niktlre was p

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.
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, valerate, isobutyrate and the like. The more pre-

- ferred alkanoyloxy is acetate.

The metal alkoxide aryl moieties, 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. Phenyl is the more

preferred aryl.

* Metal alkoxides (3) are prepared by reacting an alcohol
laving two to four rings of the taxane nucleus and a C-13
hydroxyl group with an organometailic compound in a

~ suitable solvent. Preferably, the alcohol is a derivative of

baccatin Il or 10-deacetyl baccatin III having the structure

2?47?[ oned




Evaporation of the organic |ayer gave 73 ng of a residue which was
dissolved in 6 nL of THF at 0 C. To this solution was added 0.9 nL of

gl acial acetic acid and 0.9 niL of water.

The m xture was stirred at 0 C

for 3 h, then partitioned between saturated aqueous sodi um bi carbonate and

et hyl acetate.

sodi um al koxi de

0.143 mmol) in 1 nL of THF at -45 C. is added dropw de {Q-143—~t—6t—a
sol ution of sodi um hexarnethyl disilazide in

Evaporation of the ethyl acetate sol ulLiocn—gave 703&81
material which was purified by chromatqgraphy on sil| cRERIACEMENT E
(80% of a-terpineyl N-benzoyl-(2'R 39> phenylisosegrime—ester.
EXAMPLE 27 Preparation of 2',7-hydroxy protected {axol, ysh
ai?h'r¢?1?¥,0

To a solution of 7-triethylsilyl bacg

8} ng

4

PhRCOO N
AcO \ o

wherein T, is a hydrbxy pfotecﬁng group, and Z is —OT,

~wherein T, is acyl, preferably acetyl, or other hydroxy"

protecting group. Most preferably, the alcohol is a 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., 10-deacetyl baccatin II is
converted to 7-O-triethylsilyl-10-deacetyl baccatin III
according to the following reaction scheme:

(CzHshSIQ

CsHsN E



- 58- THF. After 1 h at -45[err] C, a solution of (+) -cis- 1 -benzoyl -
3-triethylsilyloxy-4-phenylazetidin- 2 one (82 ny, 0.215 mmol) in 1 nL of
THF i s added dropwi se to the m xture. The solutlon is warmed to 0 C. and
kept at that tenperature :

REPLACEMENT SHEET
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OH.

o

0Si(CaHs)s
CH;

'

b L4
1 OCOCH3
OCOCsHs

(62)

- Under what is reported to be carefuily optimized conditions,
10-deacetyl baccatin I is reacted with 20 equivalents of
(C,H,)5SiCl at 23° C. under an argon atmosphere for 20
hours in the presence of 50 ml of pyridine/mmol of
10-deacetyl baccatin III to provide 7-triethylsilyl-10-
deacetyl baccatin IIT (6a) as a reaction product in 84-86%
yield after purification. The reaction product is then acety- .
lated with 5 equivalents of CH,COCI and 25 mL of pyridine/
mmol of (62) at 0° C. under an argon atmosphere for 48
hours to provide 86% yield of 7-O-triethylsilyl baccatin III -
(6b). Greene, et al. in JACS 110, 5917 at 5918 (1988).

Alternatively, 7-triethylsilyl-10-deacetyl baccatin III (6a)
can be protected at C-10 oxygen with an acid labile hydroxyl
protecting group. For example, treatment of (6a) with n-bu-
tyllithium in THF followed by triethylsilyl chloride (1.1 mol
equiv.) at 0° C. gives 7,10-bis-O-triethylsilyl baccatin III

- (6¢) in 95% yield. Also, (6a) can be converted to 7-O-
triethylsilyl-10-(1-ethoxyethyl) baccatin II (6d) in 90%
yield by treatment with excess ethyl vinyl ether and a
catalytic amount of methane sulfonic acid. These prepara-
tions are illustrated in the reaction scheme below.



for 3 h before 1 nL of a 10% solution of AcOHin THF is added. The m xture
Is partitioned between saturated aqueous NaHCO3 and 60/ 40 et hyl
acet at e/ hexane. Evaporation of the organic |ayer gives a residue which is
purified by flash chromat ography followed by recrystallization to give

myg (7099 of (2'R 3'5)-2',7-(bis)triethylsilyl taxol. ——éEPLACEMENT SHEET
-20 -

EXAMPLE 28 [err]
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08

0Si(C2Hs)s

HOn ¢4
CsHsN E
2 5 \— o
: ococH;
OCOCsHs
-continued
0Si(CzHs)y
OSi(CaHs)3
HGCre
n-BulLi
Crmmysa = (6¢)
HO .
'.:' s o
* 0COCH;
OCOCsHs
OEE
0Si(CaHs)s
| HOu o
C2:H3;0C;H;
(CAT)CH3SO3H > (6d)

HO

L)
L)
N
4

OCOCH;

OIIIIIIOOCIIII

;



Preparation of N-debenzoyl-N-(4-chlorobenzoyl) '

t axol To a solution of 7-triethylsilyl baccatin Il (ROQEpBCEQERBBHERDI
in 2 m of THF at -45[err] C was added dropw se 0. 174 :
solution of nBuLi in hexane. After 0.5 h at -45C., a solution_of
(+)-cis-1-(4chl orobenzoyl)-3- tiethylsilyloxy-4-phenyl atefi & 3-GCHA®T 215
nmg, 0.515 mol) in 2 nL of THF was added dropwise to th l xture, The
solution was warnmed to 0 C. and kept at2lthat tenperatuje for 2 h before
mL of a 10% sol ution of AcOH in THF was added. The m xt ot
bet ween

7-O-triethylsilyl baccatin IT (6b), 7,10-bis-O-triethylsilyl
baccatin III (6¢), or 7-O-triethylsilyl- 10-(1-ethoxyethyt)
baccatin I (6d) is reacted with an organometallic com-
pound such as n-butyllithium in a solvent such as tetrahy-
drofuran (THF), to form the metal alkoxide 13-O-lithium-
7-O-triethylsilyl baccatin IIT (7b) 13-O-lithium-7,10-bis-O- -
triethylsilyl baccatin I0I (7c), or 13-O-lithium-7-O-
triethylsilyl-10-(1-ethoxyethyl) baccatin III (7d) as shown in
the following reaction scheme:

CH;3;CH.CH,CH,Li + HO--

CH4CH,CH,CH3 + LIO--

! 0COCH;

OCOCsHs
(7b) Z = —~OCOCH,
(7c) Z= —0Si{C Hs)3
(7d)Z=—0EE

|G )



satrated aqueous NaHCO3 and 60/40 ethyl acetate/ hexane. Evaporation of the
organi c | ayer gave a residue which was purified by filtratjon through

silica gel to give 320 ng of crude (2R REPLACEMENT SHEET
3'S)-2",7-(bis)triethylsilyl-N debenzoyl -N-( 4-chl or obenzqgyl p—taxot-
- 59 -
' 23 OCT 1997
-22 - '

As illustrated in the following reaction scheme, a suitable
metal alkoxide of the present invention such as 13-O-
lithium-7-O-triethylsilyl baccatin I derivative (7b, 7c, or
7d) reacts with a f-lactam of the present invention to provide
an intermediate (8b, 8c, or 88) in which the C-7 hydroxyl
group is protected with a triethylsilyl or 1-ethoxyethyl
group.

8b-d
b, R=—COCH;
¢. R=—Si(CaHs)s
d, R=—EE



To a solution of 320 ng (0.286 mml) of this crude product in 18 nlL of

acetonitrile and 0.93 nL of pyridine at 0 C was added 2.8 nL of 48%
aqueous HF. The m xture was stirred at 0 C for 3 h, then at 25 C. for
13 h, and partitioned between saturated aqueous SOdI um b| car bonat e
and et hyl acetate. Evaporation of the ethyl acetate sol it} e
ng of material which was purlfled by fl ash chr omat ogrigplay

ng (84% of N-debenzoyl - (4-chl O‘r%enzoyl) t axol , [
recryst allized from rret hanol / wat er . m p. 179[ erjr] 26386[-.?%@ ;
[err] -49.8[err] (c 0.01, CHd[err]). [err]H NVR{( ¢D err] Z)O )
8 8.12 (d, J=7.1 HZ, 2H, benzoate ortho), 7.64 (m {2H—areratic). _T. |

(m 1H ar onat Iriterméedigtel ondpbuido(ds) Geadilyldonvernd=f
when R, is —ORg, R, and R, are hydrogen, R, is phenyl,
R, is benzoyl and R is a hydroxy protecting group such as
triethylsilyl. Intermediate compound (8c) readily converts to
taxotere when R, is —ORg, R, and R, are hydrogen, R, is
phenyl, Ry is tertbutoxycarbonyl and Ry is a hydroxy
protecting group such as trethylsilyl. Intermediate com-
pound (8d) readily converts to 10-deacetyl taxol when R, is
—ORq. R; and R; are hydrogen, R, is phenyl, Ry is benzoyl,
and Ry is a hydroxy protecting group such as triethylsilyl.
Intermediate compounds (8b, 8c and 8d) may be converted
to the indicated compounds by hydrolyzing the triethylsilyl
and 1-ethoxyethyl groups under mild conditions so as not to
disturb the ester linkage or the taxane derivative substitu-
ents. -

HF. CsHsN. CHsCN
il o - > TAXOL

HF. CsHsN, CHyCN
o T S TAXOTERE

g— B HCLEOH >, 14 pEACETYT. TAXOL

Other taxane derivatives may readily be prepared by
selection of the proper substituents R,~R of B-lactam (2) or

R,5~R,, 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 B-lactam is added to the
reaction vessel after formation therein of the metal alkoxide.
The organometallic compound n-butyllithium is prefer-
ably 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 bro-
mide, other organolithium-gompounds, other organomagne-
sium compounds, organosodium, organotitamium, orga-



NH), 6.26 (s, 1H H10), 6.21 (dd, J=8.2, 8.2 Hz, 1H H13), 5. 76_(dd
J=8.8. 2.2 Hz, 1H, H3'), 5.66 (d. J=7.1 Hz, 1H, H anﬁzsgm J=
9.9, 1.1 Hz, 1H, H5), 4.77 (dd, J=5.5, 2.2 Hz, 1H, ?{;fpﬁc : 1H,
H7), 4.29 (d, J=8.8 Hz, 1H, H20a) . 4.18 (d. J=8.5 Mz} 1H H20 err]),
3.78 (d, J=6.6 Hz. 1H, H3), 3.35 (d, J=5.5 Hz, 1H| 2| 023 0LT5H9 14H,
H6a), 2.49 (d, J=4.2 Hz, 1H, 70H), 2248 (s, 3H, 4A)| 2.28 (m 2H
H14), 2.22 (s, 3H, 10Ac), 1.85 (m 1H He[err]), 1.77 {br s, 3H, Medls)
1.76 (s. 1H, 10H), 1.67 (s, 3K, Me 19), 1.22 (s, 3H, MelZ) 1ed3—f-sm
3H, Me16). EXAMPLE 29 = [err]

nozirconium, organoznc, organocadmium or.

organopotassium or the corresponding amides may also be
used. Organometallic compounds are readily available, or

may be prepared by available methods including reduction

of organic halides with metal. Lower alkyl halides are
preferred. For example, butyl bromide can be reacted with

lithium metal in diethyl ether to give a solution of n-butyl- -

Hthium in the following manner:

. CH3CH,CH;CH,8r + 2L —gzg -

CH3 CI'I;CI'L;CH;U + LiBr

Alternatively, the lithium alkoxide may be induced to
undergo exchange with metal halides to form alkoxides of
aluminum, boron, cerium, calcium, zirconium or zinc.

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 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-bu-
tyllithium due to incompatibility therewith.

Although the reaction scheme disclosed herein is directed
to the synthesis of certain taxol derivatives, it can be used
with modifications in either the B-lactam or the tetracyclic
metal alkoxide. Therefore metal alkoxides other than 13-O-
lithium-7-O-triethylsilyl baccatin III may be used to form a

_ taxol intermediate according to the method of this invention.

The process of the invention also has the important
advamagc of being highly diastereoselective. Therefore
racemic mixtures of the side chain precursors may be used.
Substantial cost savmgs may be realized because there is no
need to resolve racemic f$-lactams into their pure enanti-
omers. Additional cost saxings may be realized because less

side chain precursor, e.g.. 60-70% less, is required relative
to prior processes.



Preparation of N-debenzoyl-N-(4-t-butyl benzoyl)
t axol

REPLACEMENT SHEET
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The water solubility of compounds of formula (1) may be
improved if R, is —OR4 and R, is —OT,, and R4 and/or
T, are a functional group which increases solubility, such as
—COGCOR' wherein

G is ethylene, propylene, CHCH, 1,2-cyclohexane, or
1,2-phenylene,

R!'=OH base. NR?R?, OR?, SR?, OCH,CONR"*R?, OH
R’=hydrogen. methyl
R?*=(CH,),NR°R”; (CH,), N®R°R'R®X,®
n=1 to3 | o
R'=hydrogen, lower alkyl containing 1 to 4 carbons
‘R3=hydrogen, lower alkyl containing 1 to 4 carbons,
benzyl, hydroxyethyl, CH,CO,H, dimethylaminoethyl
R°R’=lower alkyl containing 1 or 2 carbons, benzyl or R®
and

R7 together with the nitrogen atom of NR6R’ form the
following rings

OO
00

CHs
R3=lower alkyl containing 1 or 2 carbons, benzyl

X,©=halide

base=NH3, (HOCQH4)3N’ NQCH3)3, CH,;N(C,H,OH),, '_
NH,(CH,),NH,, N-methylglucamire, NaOH, KOH. .



-60 - To a solution of 7-triethylsilyl baccauin IIl (200 ng. 0.286 mmol)
in 2 mL of THF at -45[err] C. was added dropw se 0,174 hi, 3 M
solution of nBuLi in hexane. After 0.5 h at -45 C a 9ol E
“cis-1-(4-t-butyl benzoyl )-3- triethylsilyloxy- 4-phenylfadetiarma—eid-tb s
mg. 0.515 mml) in 2 nL of THF was added dropwi se to tfefmx Lt?@.‘: The
solution was warned to O[err] C. and kept at that terrprture 7297h
before 1 nL of a 10% sol ution of AcOH-i26 -THF was added|. 5
partitioned between

The preparation of compounds in which Rso0rT, is —COG-
COR! is set forth in Hangwitz U.S. Pat. No. 4,942,184
which is incorporated herein by reference.

The following examples illustrate the invention.

EXAMPLE 1

Preparation of 2'-ethoxyethyl-7-triethylsilyl taxol,
and subsequently taxol, from racemic B-lactam

To a solution of 7-triethyisilyl baccatin IIT (20 mg, 0.028
mmol) in 1 ml of THF at —78° C. was added dropwise 0.17
ml of a 0.164M solution of nBuLi in hexane. After 30 min
at =78° C., a solution of cis-1-benzoyl-3-( 1-ethoxyethoxy)-
4-phenylazetidin-2-one (47.5 mg, 0.14 mmol) in I mi of
THF was added dropwise to the mixture. The solution was
allowed to slowly warm (over 1.5 h) to 0° C. and was then
stirred at 0° C. for | hand | 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 layer gave a residue which was
purified by flash chromatography to give 23 mg (80%) of
(2R, 3'S)-2'-ethoxyethyl-7-triethylsilyl taxol and 3.5 mg
(13%) of 2',3-epi(2'S, 3'R)-2'-ethoxyethyl-7-triethylsilyl
taxol. -

A 5 mg sample of (2'R, 3'S)-2'-ethoxyethyi- 7-triethylsilyl
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
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 chromatog-
raphy to provide 4.5 mg (ca.90%) taxol, which was identical
with an authentic sample in all respects. _ :

A 5 mg sample of 2',3"-epi(2'S,3'R)-2'-ethoxyethyl- 7-tri-
ethylsilyl taxol was dissolved in 2 ml of ethanol and 0.5 ml
of 0.3% aqueous 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



aqueous HF. The m xture was stirred at~9/ C. for 3 h, then %k
h, and partitioned between saturated aqueous sodi um bi car bonat e™ar
acetate. Evaporation of =he ethyl acetate solution gave 260 ng of natera

whi ch was purified by flash chrgmatograph 0. Qi ve, 24 (929% of

N- debenzoyl - N- (iﬂ"!c%‘&i ﬁOSEH%;blpmtp éﬂf‘t‘-"f?%@fég _r%rappﬂ%g from

met hanol / wat er . sulfate and concentrated. The residue was purified by flash
chromatography to provide 4.5 mg (ca.90%) of 2',3'-epi-
taxol.

EXAMPLE 2

Preparation of 2',7-(bis)triethylsilyl taxol, and
subsequently taxol, from racemic B-lactam

To a solution of 7-trethylsilyl baccatin IIT (100mg, 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 cis-1-benzoyl-3-triethylsilyloxy)- 4-pheny-
lazetidin-2-one (274 mg, 0.715 mmol) in 1 ml of THF was
added dropwise to the mixture. The solution was allowed to
warm to 0° C. and held at 0° C. for 1 h. One ml of 2 10%
solution of AcOH in THF was added. The mixwure was
partitioned between saturated aqueous 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 131 mg (85%) of (2'R,
3'S)-2',7-(bis)triethylsilyl taxol and 15 mg (10%) of 2',3"-
epi(2'S,3'R)-2',7-(bis)triethylsilyl taxol. |

To a solution of 121.3 mg (0.112 mmol) of (2R, 3'S)-2',
7-(bis)triethylsilyl taxol in 6 ml of acetonitrile and 0.3 ml of
pyridine at 0° C. was added 0.9 ml of 48% aqueous HF. The
mixture was stirred at 0° C. for 8 h, then at 25° C. for 6 h.
The mixture was partitioned between saturated aqueous -
sodium bicarbonate and ethyl acetate. Evaporation of the
ethyl acetate solution gave 113 mg of material which was
purified by flash chromatography and recrystallization to
give 94 mg (98%) taxol, which was identical with an
authentic sample in all respects.

To a solution of 5 mg of (2R, 3'S)-2',7-(bis) triethylisilyl
taxol in 0.5 ml of acetonitrile and 0.03 ml of pyridine at 0°
C. was added 0.09 ml of 48% aqueous HF. The mixture was’
stirred at 0° C. for 8 h, theg at 25° C. for 6 h. The mixture:
was partitioned between sarurated aqueous sodium bicar--
bonate and ethyl acetate. Evaporation of the ethyl acetate



mp. 171-173 C.;

[err] -49.2[err] (c 0.05, CHCl[err]). [err]H NMR

(CbCl[err], 300 WHz) [err] 8.13 (d, J=7.1 Hz, 2H, benzoate ortho),

7.76-7.25 (m 12H, aromatic), 6.98 (d, J=8.8 Hz, NH),
1 (dd, J=8.8, 8.8 Hz, 2H, H13), 5.77 (dd, J=8, 2=
6 Hz, 1H, H2[err]), 4.94 (dd, J=9.3, 1.2 Hz, 1
Hz, IH H2"),

2 Hz, 1H, H20[err]), 3.79 (d, J= 6.7628 ¢, H3), 3.
OH), 2.57 (m 1H, He6a), 2.48 (d, J=4.1 Hz. 1H, 70
31 (m 2H, H14), 2.22 (s, 3H, 10Ac), 1.85 (m 1H, Ha
H Me18), 1.68 (s, IH 10H), 1.68 (s, 3H M 19),
1.13 (s, 3H Me16).

6, 2
J=6.
2.7
J=8.
2'
2.
3
(s

3H, Mel17),

4.38 (m 1H, H7), 4.29 (d, J=8.2

solution gave 5 mg of material which was punﬁed by flash

chromatography and recrystallization to give 4.6 mg (ca.

95%) of 2',3'-epitaxol.
EXAMPLE 3

Preparation of 2',7-(bis)triethylsilyl taxol, and
subsequently taxol, from optically active B-lactam

To a solution of 7-triethylsilyl baccatin [II (100 mg, 0.143
mmol) in | mi of THF at —45° C. was added dropwise 0.087
mi of a 1.63M solution of nBuLi in hexane. After 1 h at —45°
C., a solution of (+)-cis-1-benzoyl-3-triethylsilyloxy- 4-phe-
nylazetidin-2-one (82 mg, 0.215 mmol) in | ml of THF was
added dropwise to the mixture. The solution was allowed to
warm to 0° C. and held at 0° C. for 2 hours. One ml of a 10%
solution of AcOH in THF was added. The mixture was
partitioned between sawurated aqueous NaHCO, and 60/40

ethyl acetaterhexane. Evaporation of the organic layer gave -

a residue which was purified by flash chromatography
followed by rccrystallization to give 145 mg (94%) of (2'R,
3'S)-2',7-(bis)ricthylsilyl taxol.

To a solution of 121.3 mg (0.112 mmol) of (2'R, 3'S)-2/,

7-(bis)triethylsilyl taxol in 6 ml of acetonitrile and 0.3 mi of

pyridine at 0° C. was added 0.9 ml of 48% agqueous HF. The
mixture was stirred at 0° C. for 8 h, then at 25° C. for 6 h.
The mixture was partitioncd between saturated aqueous

sodium bicarbonate and ethyl acetate. Evaporation of the
ethyl acetate solution gave 113 mg of material which was
purified by flash chromatography and recrystallization to
give 94 mg (98%) taxol, which was identicai with an
authentic sample in all respects.
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EXAMPLE 30 [err]

-29 .

EXAMPLE 4

Preparation of taxotere

To a solution of 7,10-bis-triethylsilyl baccatin III (200
mg, 0.248 mmol)) in 2 mL of THF at —45° C. was added
dropwise 0.174 mL of a 1.63M solution of nBulLi in hexane.
After 0.5 b at -45° C,, a solution of cis-1-(tert-butoxycar-
bonyl)- 3-triethylsilyloxy-4-phenylazetidin-2-one (467 mg,
1.24 mmol) in 2 mL of THF was added dropwise to the
mixture. The solution was warmed to 0° C. and kept at that
temperature for 1 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 ethy! acetate/hexane.
Evaporation of the organic layer gave a residue which was
purified by filtration through silica gel to give 280 mg of
crude 2',7,10-tris-triethylsilyl taxotere.

To a solution of 280 mg of the crude product obtained
from the previous reaction in 12 ml of acetonitrile and 0.6
mL of pyridine at 0° C. was added 1.8 mL of 43% aqueous
HF. The mixture was stirred at 0° C. for 3 b, then at 25° C.
for 13 h, and parntitioned between saturated aqueous sodium
bicarbonate and ethyl acetate. Evaporation of the ethyl
acetate solution gave 215 mg of material which was purified
by flash chromatography to give 190 mg (95%) of taxotere,
which was recrystallized from methanol/water. All analyt-
cal and spectral data were identical with that reported for
taxotere in U.S. Pat. No. 4,814,470.



Preparation of N- debenzoyl - N- (4- met hoxybenzoyl ) - 3' - desphenyl -

wherein N, is

Preparation of 3'-desphenyl-3'-(2-naphthyl) taxol

To a solution of 7-triethylsilyl baccatin I1I (200 mg, 0.286
mmol) in 2 mL of THF at —45° C. was added dropwise 0.174
mL of a 1.63M solution of nBuLi in hexane. After 0.5 h at
—45° C.. a solution of cis-1-benzoyl-3-triethylsilyloxy- 4-(2-
naphthyl)azetidin-2-one (620 mg, 1.43 mmol) in 2 mL of
THF was added dropwise to the mixture. The solution was
warmed to 0° C. and kept at that temperature for | h before

1 mL of a 10% solution of AcOH in THF was added. The
mixture was partitioned between sawrated aqueous
NaHCO, and 60/40 ethy! acetate/hexane. Evaporation of the
organic layer gave a residue which was purified by filtration
through silica gel to give 320 mg of a mixmure containing
(2R.3'S)-2',7-(bis)tricthylsilyl-3'-desphenyl- 3'-(2-naphthyl)
taxol and a small amount of the (2'S,3'R) isomer.



3'- (4-fluorophenyl) taxol To a solution of 7-tiethylsilyl baccati 111
(200 ng, 0.285 mol) in 2 nmL of THF at -45[err] C. was added dropw se 0.175
m. of a 1.63M solution of nBuLi in hexane. After 0.5 h at 45 [err] C, a
sol ution of cis-1-(4-nmethoxybenzoyl)-3- triethylsilyloxy:
4- (4-fluorophenyl)azeitidin-2-one (614 ny, 1.43 mmol) inj ZREALACEMERF SMRET
added dropwi se to the m xture. The solfl,}’ Il on was war ned t -
that tenperature for 1 h before 1 nL 6~"a 10% sol ution o %
added. The m xture was partitioned between saturated aqueolus 4N
60/ 40 et hyl acetate/ hexane. Evaporation of the organic lfay gave a resifdye
which was purified by filtration through silica gel to dive 362 ng of a
mi xture containi ngo a(soledog) of' 320 (mwigs (028 mmal) yof -
4- met hoxybenzoy| gbtiined fpentie grevious reaction in 18 mL of acetonitrile

and 0.93 mL of pyridine at 0° C. was added 2.8 mL of 48%

aqueous HF. The mixture was stirred at 0° C. for 3 b, then

at 25° C. for 13 h, and partitioned between sarurated aqueous

sodium bicarbonate and ethyl acetate. Evaporation of the

ethyl acetate solution gave 255 mg of material which was

purified by flash chromatography to give 166 mg (64%) of

3'-desphenyl-3'-(2-naphthyl) taxol, which was recrystallized

from methanol/water. -

m.p. 164°-165° C.; [a], 2> —52.6° (c 0 005 CHCl,)

'H NMR (CDCl,, 300 MHz) 6 8.14 (d, J=73 Hz, 2H,
benzoate ortho), 7.96 (m, 1H, aromatic), 7.50 (m, 1H,
aromatic), 7.85 (m, 2H, aromatic), 7.76 (m, 2H, aromatic),
7.60 (m, 3H, aromatic), 7.52 (m, 4H, aromatic), 7.41 (m, 2H,
aromatic), 7.01 (d, J=8.8 Hz, 1H, NH), 6.27 (s, 1H, H10),
6.26 (dd, J=9.2, 9.2 Hz, 1H, H13), 5.97 (dd, J=8.8, 2.5 Hz,
1H, H3"), 5.68 (d, J=7.1 Hz, 1H, H2B), 4.93 (m, 1H, HYS),
492 (m, 1H, H2", 4.39 (m, 1H, H7), 4.30 (d, J=8.5 Hz, 1H,
H20a), 4.20 (d, J=8.5 Hz, 1H, H20B), 3.81 (d, J=7.1 Hz,
1H, H3), 3.60 (d, J=5 Hz, 1H, 2'0OH), 248 (m, 1H, Hé0c),
2.45 (br, 1H, 70H), 2.39 (s, 3H, 4Ac), 2.30 (m, 2H, H14),
2.24 (s, 3H, 10Ac), 1.83 (m, 1H, H6B), 1.82 (br s, 3H,
Mel8), 1.68 (s, 1H, 10H), 1.68 (s, 3H, Mel9), 1.24 (s, 3H,
Mel7), 1.14 (s, 3H, Mel6). '

(¢

'EXAMPLE 6




quorophenyI) taxol and a small anount of the (2'S, 3 R) isoner.

62

To a solution of 362 ng of the m xture obtained fromthe

-32-

m.p. 164°-165° C.; [a]y 2 =52.6° (¢ 0.005, CHCL,).

'H NMR (CDCl,, 300 MHz) 3 8.11 (4, J=7.1 Hz, 2H,
benzoate ortho), 8.11 (m, 3H, aromatic), 7.91 (m, 3H,
aromatic), 7.70 {m, 2H, aromatic), 7.63-7.46 (m, 7H, aro-
.matic), 6.75 (d, J=8.8 Hz, 1H, NH), 6.52 (dd, J=8.8, 1.6 Hz,
1H, H3"), 6.27 (s, 1H, H10), 6.27 (dd, }=9.1, 9.1 Mz, 1H,
H13), 5.68 (d, J=7.1 Hz, 1H, H2B), 4.85 (dd, J=7.6, 2.2 Hz,
1H, HS), 4.97 (dd, J= 1.6 Hz, 1H, H2"), 4.39 (m, 1H, H7),
4.24 (d,J=8.5 Hz, 1H, H20«), 4.17 (d, J=8.5 Hz, 1H, H20B),
3.80(d,J=7.1 Hz, 1H, H3), 3.65 (br, 1H, 2'0OH), 2.55 (m, 1H,
H6a), 2.48 (br, 1H, 70H), 2.41 (s, 3H, 4Ac), 2.38 (m, 1M,
H14),1.96 (s, 3H, 10Ac), 1.86 (m, 1H, H6P), 1.80 (brs, 3H,
MelR), 1.76 (s, 1H, 10H), 1.69 (s, 3H, Mel9), 1.28 (S, 3H,
Mel7), 1.16 (s, 3H, Mel6).

EXAMPLE 7 REPLAGEMENT SHEET

23 OCT 997

MeQ

Preparation of 3'-desphenyl-3 '- (4—memoxyphenyl)
taxol



previous reaction in 12 nL of acetonitrile and 0.6 nL of pyridine at
O[err]C. was added 1.8 nlL of 48% aqueous HF.- The m xture was stirred at
O[err]C. for 3 h. then at 25[err] C. for 13 h, and partitioned between

sat urat ed agueous sodi um bi carbonate and et hyl acetate. Evaporation of the
ethyl acetate solution gave 269 ng of material which was purified by flash
chromat ography to give 183 ng (71 % of N debenzoyl

- N- (4- met hoxybenzoyl ) - 3' - desphenyl - 3-384 fluorophenyl) taxol, which was
recrystallized from net hanol / wat er. mp. 172[err]-174.5[err] C.; [err]
-47.0 (c 0.0044, CHO [err]). [err]H NVMR (CDCl [err], 300 HHz) [err] 8.13
(d. J=7.2 Hz, 2H, benzoate ortho), 7.7-7.4 (m 9H, aromatic), 7.10 (dd,
J=8.8, 8.8 Hz, 2H, aromatic), 6.97 (d, J=8.8 Hz, 1H NH), 6.27 (s, 1H,
H10), 6.23 (dd. J%gmig.ﬁpl s 1H, H13), 5.76 (dd, J=8.8,

Q©

Preparation of 3'-desphenyl-3'-(1-naphthyl) taxol

To a solution of 7-triethylsilyl baccatin I (200 mg, 0.286
mmol) in 2 mL of THF at—45° C. was added dropwise 0.174
mL of a 1.63M solution of nButi in hexane. After 0.5 h at.
~45° C., a solution of cis-1-benzoyl-3-triethylsilyloxy-4-(1-
naphthyl)azetidin- 2-one (620 mg, 1.43 mmol) in 2 mL of
THF was added dropwise to the mixture. The solution was
warmed to 0° C. and kept at that temperature for 1 h before
1 mL of a 10% solution of AcOH in THF was added. The
mixture was partitioned between sawrated™ aqueous

NaHCOj; and 60/40 ethyl acetate/hexane. Evaporation of the
organic layer gave a residue which was purified by filtration
through silica gel to give 325 mg of a mixture containing
(2R,3'S)-2,7- (bis)triethyisilyl- 3'-desphenyl-3'-(1-naph-
thyl) taxol and a small amount of the (2'S,3'R) isomer.

To a solution of 325 mg (0.287 mmol) of the mixture
obtained from the previous reaction in 18 mL of acetonitrile
"and 0.93 mL of pyridine at 0° C. was added 2.8 mL of 48%
aqueous HF. The mixture was stirred at 0° C. for 3 b, then
at 25° C. for 13 h, and partitioned between saturated aqueous
sodium bicarbonate and ethyl acetate. Evaporation of the
ethyl acetate solution gave 260 mg of material which was
purified by flash chromatography to give 166 mg (64%) of
3'-(1-naphthyl) taxol, which was recrystailized from metha-
nol/water.




2.2 Hz. 1H H3'"), 5.67 (d, J=7.1 Hz, 1H, H2[err]), 4.94 (dd, J=9.9, 2.2

1H, H5), 4.75 (dd. J=4.4, 2.2 Hz, 1HH2'), 4.39 (m 1H H7), 4.31 (d, J=
Hz, 1H, H20[err]) , 4.19 (d, J=8.5 Hz, 1H, H20[err]) , 3.79 (d, J=7.1 Hz,
1H, H3), 3.59 (d, J=4.4 Hz, IH 2'CH), 2 54 (m 1H, He[err]), 2.47 (d.__
J=4.4 Hz, 1H, 70H), 2.36 (s, 3H 4Ac), 2.30 (m 2H, HiAfterT L4 11,
2.24 (s, 3H, 10Ac), 1.88 (m 1H He[err]), 1.78 (br s WL%W%?M&I%E 'S.
| H, 10H), 1.68 (s, 3H Me19), 1.23 (s~ MI7), 1.1 s, 3H Me16). In
view of the above, it will be seen that the several oRj ¢ctg3IofCT 1897
I nvention are achi eved. As various changes could bejingde in the aboyel
conpositions and processes w thout departing. fromthg seope—of The

invention, it is i Mocadeltidof J-tristivisilyLBateans I

description be i Bhiigly il 99nfSof THISAS gth“%.a\r\'r%sré%ded dropwise 0.174
mL of a 1.63M solution of nBuL.i in hexane. After 0.5 h at
—45 ° C,, a solution ‘of cis-1-benzoyl-3-triethylsilyloxy-4-
(4-methoxyphenyl)azetidin- 2-one (590 mg, 1.43 mmol) in
2 mL of THF was added dropwise to the mixture. The
solution was warmed to 0° C. and kept at that temperature
for 1 h before 1 mL of a 10% solution of AcOH in THF was
added. The mixture was partitioned between saturated aque-
ous NaHCO; and 60/40 ethyl acetate/hexane. Evaporation
of the organic layer gave a residue which was purified by
filtration through silica gel to give 320 mg of a mixture
containing (2'R, 3'S)-2".7-(bis)triethylsilyl- 3'-desphenyl-3'-
(4-methoxyphenyl) taxol and a small amount of the (2'S,
3'R) isomer.

To a solution of 320 mg (0.288 mmol) of the mixture
obtained from the previous reaction in 18 mL of acetonitrile
and 0. 93 mL of pyridine at 0° C. was added 2.8 mL of 48%
aqueous HF. The mixture was stirred at 0° C. for 3 b, then
at 25° C. for 13 h, and partitioned between saturated aqueous
sodium bicarbonate and ethyl acetate. Evaporation of the
ethyl acetate solution gave 255 mg of material which was
purified by flash chromatography to gave 172 mg (68%) of
3'-desphenyl-3'-( 4-methoxyphenyl) taxol, which was
recrysmllized from methanol/water.
m.p. 174°-176° C,; [a]y > —48.86° (c 0.05, CHCl,).
'H NMR (CDCl,, 300 MHz) 5 8.12 (d, J=7.1 Hz, 2H,
benzoate ortho), 7.72 (m, 2H, aromatic), 7.59 (m, 1H,
- aromatic), 7.53-7.36 (m, 8H, aromatic), 6.96 (d, J=8.8 Hz,
1H, NH), 6.90 (m, 2H, aromatic), 6.26 (s, 1H, H10), 6.21
(dd, J=5.3, 9.3 Hz, (1H, H13), 5.70 (dd, J=8.8, 2.7 Hz, 1H,
H3"), 5.66 (d, J=6.8 Hz, 1H, H2B), 4.93 (dd. J=9.9, 2.2 Hz,
1H, H5), 4.74 (dd, J= 5.5, 2.7 Hz, 1H, H2B), 4.39 (m, 1H,
H7), 4.29 (d, J=8.8 Hz, 1H, H20a), 4.18 (d, J=8.8 Hz, 1H,
H20B), 3.78 (d, J=6.8 Hz, 1H, H3), 3.78 (s, 3H, ArOMe),
3.67 (4, J=5.5 Hz, 1H, 2’0OH), 2.61 (m, 1H, Héa), 2.50 (d,
. J=44 Hz, 1H, 70H), 2.37 (s, 3H, 4Ac), 2.31 (m, 2H, H14),
2.25 (s, 3H, 10Ac), 1.84 (m, 1H, H6B), 1.79 (br s, 3H,
~Mel8), 1.79 (s, 1H, 10H), 1.67 (s, 3H, Mel19), 1.22 (s, 3H,
Mel7), 1.13 (s, 3H, Melé).

Hz,
8.5




inalimting sense.
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EXAMPLE 8

Preparation of 3'-desphenyi-3 '- (4-chlorophenyl)
' | taxol :

To a solution of 7-triethylsilyl baccatin I (200 mg, 0.286
mmol) in 2 mL of THF at —45° C. was added dropwise 0.174
mL of a 1.63M solution of nButi in hexane. After 0.5 h at
—45 ° C,, a solution of cis-1-benzoyl-3-triethylsilyloxy-4-
(4-chlorophenyl)azetidin-2-one (595 mg, 1.43 mmol) in 2
mL of THF was added dropwise to the mixture, The solution

~ was warmed to 0° C. and kept at that temperature for 1 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 layer gave a residue which was purified by filtration
through silica gel to give 320 mg of a mixture containing
(2R, 3'S) -2,7-(bis)triethylsilyl 3'-desphenyl-3'-(4-chlo-
rophenyl) taxol and a small amount of the (2'S, 3'R) isomer.



1. A process for the preparation of an isoserine ester havi ng t he

formula [err] . conprising reacting a [err]-I| act anrv-td e net al
al koxi de of a secondary or tertiary alcohol, the [er ]REPWE%?MT 2
t he formula [err] o

- 36 -

To a solution of 320 mg (0.287 mmol) of the mixture
obtained from the previous reaction in 18 mL of acetonitrile
and 0.93 mL of pyridine at 0° C. was added 2.8 mL of 48%
aqueous HF. The mixture was stirred at 0° C. for 3 h, then
at 25° C. for 13 h, and partitioned between saturated aqueous
sodium bicarbonate and ethyl acetate. Evapordtion of the

ethyl acetate solution gave 255 mg of material which was
purified by flash chromatography to give 158 mg (62%) of
3'-desphenyl-3'-( 4-chlorophenyl) taxol, which was recrys-
tallized from methanol/water.

m.p. 173°-175° C; [a].F =50.8° (¢ 0.01, CHCl,).

'H NMR (CDCl,, 300 MHz) § 8.13 (d, J=7.1 Hz, 2H,
benzoate ortho), 7.72 (d, J=8.2 Hz, 2H, benzamide ortho),
7.65~7,35 (m, 10H, aromatic), 6.97 (d, J=8,8 Hz, 1H, NH),
6.27 (s, 1H, H10), 6.25 (dd, J=8.3, 8.3 Hz, 1H, H13), 5.78
(dd, J=8.8, 2.2 Hz, 1H, H3", 5.67 (d, }=7.1 Hz, 1H, H2),
495 (dd, J= 8.8, 2.2 Hz, 1H, H5), 4.77 (brs, 1H, H2), 4.40
(m, 1H, H7), 4.31 (4, ]=8.2 Hz, 1H, H20a), 4.19 (d, ]=8.2
Hz, 1H, H208), 3.80 (d, J=7.1 Hz, 1H, H3), 3.61 (brs, 1H,
2'0H), 2.54 (m, 1H, H6a), 2.38 (s, 3H, 4Ac), 2.32 (m, 2H,
H14), 2.24 (s, 3H, 10Ac), 1.85 (m, 1H, H6B), 1.80 (brs, 3H,
Mel8), 1.68 (s, 3H, Mel9), 1.23 (s, 3H, Mel7), 1.14 (s, 3H,
Mel6).

EXAMPLE 9




and the al koxi de having the formula [err] wherein Rlerr] is
-OR[err] -SRerr], or -NR[err]R[err]; Rl err] is hydrogen. alkyl,
al kenyl , al kynyl, aryl, or

-37-

Preparation of 3'-desphenyl-3'-(4-bromophenyi)
taxol '

To a solution of 7-triethylsilyl baccatin III (200 mg, 0.286
mmol) in 2 mL of THF at —45° C. was added dropwise 0.174
mL of a 1.63M solution of nBuLi in hexane. After 0.5 h at
—45 ° C., a solution of cis-1-benzoyl-3-triethylsilyloxy-4-
(4-bromophenyl)azetidin- 2-one (660 mg, 1.43 mmol) in 2
mL of THF was added dropwise to the mixture. The solution
was warmed to 0° C. and kept at that temperawre for 1 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 layer gave a residue which was purified by filtration
through silica gel to give 330 mg of a mixture containing
(2R, 3'S) -2'7- (bis)triethylsilyl- 3'-desphenyl-3'-(4-bro-
mophenyl) taxol and a small amount of the (2'S, 3'R) isomer.

To a solution of 330 mg (0.284 mmol) of the mixture
obtained from the previous reaction in 18 mL. of acetonitrile
and 0.93 mL of pyridine at 0° C. was added 2.8 mn of 48%
aqueous HF. The mixture was stirred at 0° C. for 3 h, then
at 25° C. for 13 h, and partitioned between saturated aqueous
sodium bicarbonate and ethyl acetate. Evaporation of the
ethyl acetate solution gave 265 mg of material which was
purified by flash chromatography to give 186 mg (64%) of
3'-desphenyl-3'-( 4-bromophenyl) taxol, which was recrys-
tallized from methanol/water.

- m.p. 170°-172° C.; [a]y . —50.94° (c 0.01, CHCl,).

'H NMR (CDCl,, 300 MHz) 5 8.12 ) d. J=7.2 Hz, 23H.
benzoate ortho), 7.71 (m, 2H. aromatic), 7.61 (m. 1H.

aromatic), 7.50- 7.47 (m, 6H, aromatic), 7.38 (m, 3H,
aromatic), 7.04 (d, J= 8.8 Hz, 1H, NH), 6.27 (s, 1H, H10),
6.23 (dd, J=8.2, 8.2 Hz, 1H, H13), 5.75 (dd, J=8.8, 2.2 Hz,
1H, H3"), 5.66 (d, J=7.1 Hz, 1H, H2B), 4.94 (dd, J=9.3, 1.7.
Hz, 1H, HS5), 4.75 (dd, J= 2.2 Mz, 1H, H2"), 4.38 (m, lH,
H7), 4.29 (d, J=8.2 Hz, 1H, H20a), 4.18 (d, J=8.2 Hz, 1H,.
H20B), 3.79 (d, J=7,1 Hz, 1H, H3), 3.7 (br, 1H, 2°0H), 2.53
(m, 1H, Héa), 2.38 (br, 1H, 70H), 2.37 (s, 3H, 4Ac), 2.30
(m, 2H, H14), 2.23 (s, 3H, 10Ac), 1.87 (m, 1H, H6pB), 1.80



het er oaryl ; Rlerr] and Rlerr] are independently hydrogen, alkyl,
al kenyl , al kynyl, aryl, heteroaryl, or acyl, provided, however.
that Rlerr] and R err] are not both acyl; Rlerr] is -COR err]
-COOR[err], -COSRerr], -CONR[err]Rerr], -SOerr]Rerr] or
-PORlerr]R err], - 64-

-38 -

(br s, 3H, Mel18), 1.80 (s, 1H, 10H), 1.67 (s, 3H, Me19),
1.22 (s, 3H, Mel7), 1.13 (s, 3H, Mel6).

EXAMPLE 10
=\
0
QAc
£ .
Ph ' w Ouss
B OH

Ph—(ooAco:

Preparation of 3'-desphenyl-3'- (3,
4-methylenedioxyphenyl) taxol

To a solution of 7-triethylsilyl baccatin IIT (200 mg, 0.286
mmol) in 2 mL of THF at—45° C. was added dropwise 0.174
mL of a 1.63M solution of nBuLi in hexane. After 0.5 h at
—45 ° C., a solution of cis-1-benzoyl-3-triethylsilyloxy-4-
(3,4-methylenedioxyphenyl)azetidin- 2-one (610 mg, 1.43
mmol) in 2 of THF was added dropwise to the mixture. The
solution was warmed to 0° C. and kept at that temperature
for 1 h before 1 mL of a 10% solution of AcOH in THF was
added. The mixture was partitioned between saturated aque-
ous NaHCO; and 60/40 ethyl acetate/hexane. Evaporation
of the organic layer gave a residue which was purified by



Rlerr] is hydrogen. alkyl. al kenyl, alkynyl, aryl, heteroaryl, or a

hydr oxy protecting group, Rlerr] is alkyl. allkenyl. al kynyl. aryl,

het eroaryl, or sul f hydryl proctecting group. Rl err] is hydrogen.

al kyl, al kenyl, al kynyl, aryl, or het er oaryl ; Rlerr]is an am no
protecting group; Rlerr] is alkyl, alkenyl, alkynyl, aryl. or heteroaryl.
Rlerr] is alkyl. al kenyl. alkynyl, aryl, heteroaryl. -OR[err], or Rl err]
and R[err] are independntly al kyl, alKefyT, al kynyl, aryl, heteroaryl.

-OR[err], or -NR[err]Rerr] and Rlerr] is hydrogen alkyl, alkenyl,
al kynyl, aryl, or het eroryl ;

filtration through silica gel to give 320 mg of a muxmure
containing (2'R,3'S)-2',7-(bis)triethylsilyl- 3'-desphenyl-3'-
(3, 4-methylenedioxyphenyl) taxol and a small amount of
the (2'S, 3'R) isomer. :

To a solution of 320 mg (0.284 mmol) of the mixture
obtained from the previous reaction in 18 mL of acetonitrile
and 0.93 mL of pyridine at 0° C. was added 2.8 mL of 48%
aqueous HF. The mixture was stirred at 0° C. for 3 h, then
at 25° C. for 13 h, and partitioned between saturqu aqueous .
sodium bicarbonate and ethyl acetate. Evaporation of the
ethyl acetate solution gave 113 mg of material which was
purified by flash chromatography to give 165 mg (64%) of
3'-desphenyl-3-( 3,4-methylenedioxyphenyl) taxol, which
was recrystallized from methanol/water.

m.p. 178°-180° C.; [c]ya®® —46.6° (c 0.005, CHCl,):

'H NMR (CDCl,, 300 MHz) & 8.14 (d, J=7.2 Hz, 2H,
benzoate ortho), 7.72 (m, 2H, aromatic), 7.15 (m. IH
aromatic), 7.50 (m. 2H, aromatic), 7.38 (m, 2H, aromatic),
7.0 (m. 1 H, aromatic), 6.94 (m, 2H, aromatic), 6.88 (d. J=5.1
Hz, 1H NH), 6.83 (m. 1H, aromatic), 6.28 (s, 1H. H10), 6.23
(dd, J=9.1,9.1 Hz. 1H, H13), 5.97 (s, 2H. methylene), 5.69
(dd, J=9.1, 2.5 Hz. 1H, H3", 5.68 (d. J=6.9 Hz. 1H, H2p).

4.95 (dd, J=9.6, 2.2 Hz, 1H. MS), 4.72 (dd, J=2.5 Hz. 1H,
H2), 4.41. (m, 1H, H7), 4.31 (d, J=8.4 Hz, 1H, H20q), 4.20
(d, J=8.4 Hz, 1H, H20B), 3.81 (d, J=6.9 Hz, 1H, H3), 3.60
(br, 1H, 20H), 2.56 (m, 1H, H6), 2.43 (d, J=4.1 Hz, 1H,
70H), 2.39 (s, 3H, 4Ac), 2.31 (m, 2H, M14), 2.24 (s, 3H,
10Ac), 1.88 (m, 1H, H6B), 1.82 (br s, 3H, Mel8), 1.69 (s,
1H, 10H), 1.68 (s, 3H, Mel9), 1.24 (s, 3H, Mel7), 1.15 (s,
3H, Mel6).




Mis a Goup IA ITIA 1I1A VA VA VIA or transition metal , zinc,

or cadm um E[err] and E[err] and the carbon to which they are artached
conprise a carbocyclic or heterocyclic skel eton cont ai ni ng about 6 to
20 ring atons, the hetero atons bei ng oxygen; and E[err] is hydrogen
or a hydrocarbon. 2. The process of claim1l wherein Rirr] is -ORerr];
Rl err] is hydrogen, alkyl. alkenyl, alkynyl, aryl, or het er oaryl ;
Rlerr] and Rlerr] are |ndependently hydWogen, al kyl, al kenyl , al kynyl ,
aryl. or hetecroaryl; Rlerr] is -CORerr] or -COOR[err]; Rlerr] is a
hydr oxy protecting group: and
REPLACEMENT SHEET |
- 23 0CT 19977
EXAMPLE 11 —
MeO
OMe
OAc
0
A :
PR I (o XL
H OH

Ph-ﬂgr()AcO:
0

Preparation of 3'-desphenyl-3'-(3, |
4-dimethoxyphenyl) taxol

To a solution of 7-triethylsilyl baccatin IIT (200 mg, 0.286
mmol) in 2 mL of THF at —45° C. was added dropwise 0.174
mL of a 1.63M solution of nBuLi in hexane. After 0.5 h at
—45 ° C., a solution of cis-1-benzoyl-3-triethylsilyloxy-4-
(3,4-dimethoxyphenyl)azetidin- 2-one (630 mg, 1.43 mmol)
in 2 ml of THF was added dropwise to the mixture. The
solution was warmed to 0° C. and kept at that temperature
for 1 h before 1 mL of a 10% solution of AcOH in THF was
added. The mixture was partitioned between saturated aque-
ous NaHCO3 and 60/40 ethyl acetate/hexane. Evaporation
of the organic layer gave a residue which was purified by
filtration through silica gel to give 330 mg of a mixture
containing (2'R,3'S)-2',7-(bis)triethylsilyl- 3'-desphenyl-3'-
@3, 4—d1rnethoxyphenyl) taxol and a small amount of the
(2'S,.3'R) isomer.



Rlerr] is alkyl, alkenyl, alkynyl, aryl, or heteroaryl. 3. The process of
claim1 wherein the netal al koxide conprises the ticyclic taxane nucleus.
4. The process of claim1 wherein the netal al koxi de conprises the
tricyclic taxane nucl eus; Rlerr] is -OR[err] or SRerr]: Rlerr] is 3
hydr ogen, al kyl, al kenyl. al kynyl, aryl, or her er oaeyl-
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To a solution of 330 mg (0.286 mmol) of the-mixsure
obtained from the previous reaction in 18 mL of acetonitrile
and 0.93 mL of pyridine at 0° C. was added 2.8 mL of 48%
aqueous HF. The mixture was stirred at 0° C. for 3 h. then
at 25° C. for 13 b, and partitioned between saturated aqueous
sodium bicarbonate and ethy! acetate. Evaporation of the
ethyl acetate solution gave 260 mg of material which was
purified by flash chromatography to give 175 mg (67%) of
3'-desphenyl-3'-( 3,4-dimethoxyphenyl) taxol, which was
recrystallized from methanol/water.

m.p. 165°-167° C.; [aly.® —42.0° (c 0.005, CHCl,).

'H NMR (CDCl,, 300 MHz) & 8.12 (d, J=8.3 Hz, 2H,
benzoate ortho), 7.73 (d, J=8.2 Hz, 2H, benzamide ortho),
7.65-7.33 (m, 6H, aromatic), 7.1-7.0 (m. 2H, aromatic),
6.94 (d. J=8.8 Hz, 1H, NH), 6.88 (d, }=8.3 Hz, 2H, aro-
matic), 6.27 (S, 1H, H10), 6.21 (dd. J=9.3. 9.3 Hz. 1H. H13),
5.69 (m. 2H, H3, H2B), 4.94 (dd, Hz. }=9.9. 2.2 Hz, 1H, HS),
477 (d. J=2.8 Hz, 1H, H2", 4.39 (dd. J=11.0. 6.6 Hz, 1H,
H7), 430 (d. ] =8.5 Hz, 1H, H20a), 4.19 (d. J=8.5 Hz. 1H,
H20B). 3.88 (s. 3H, ArOMe), 3.87 (s, 3H. ArOMe), 3.80 (d,
J=7.1 Hz. 1H, H3), 3.59 (d, J=4.4 Hz, 1H. 20H), 2.54 (m.
IH, Hé). 2.38 (s, 3H, 4Ac), 2.36 (m. 2H. Hlda, H14B),

2.23 (s 3H IOAc) 1.86 (m, 1H, HGB) 1.80 (br s, 3H,
Mel8), 1.68 (s, 3H, Mel9), 1.23 (s, 3H, Mel7), 1.14 (s, 3H,
Mels6).

EXAMPLE 12




-65 - Rlerr] and Rlerr] are independently hydrogen al kyl. al kenyl,
al kynyl, aryl, or heteroaryl; Rlerr] is -COR[err] -COOR[err];
-COSR[err], -CONRerr]Rerr] or -SOerr]Rerr], Rlerr] is a hydroxy
protecting group; Rlerr] is a sulfhydryl protecting gr w==RLorr] s
hydrogen. al kyl, al kenyl, alkynyl, aryl, or het croarﬁEPi.ACFMENT SHEET

het eroary; -42 - 23 o0 —i
T 1997

Preparation of N-debenzoyl-N-ethoxycarbonyl taxol

To a solution of 7-triethylsilyl baccatin I (155 mg, 0.221
mmol)) in 2 mL of THF at —45° C. was added dropwise
0.136 mi of a 1.63M solution of nBuL.i in hexane. After 0.5
h at —45 ° C,, a solution of cis-1-ethoxycarbonyl-3-trieth-
ylisilyloxy-4-phenylazetidin- 2-one (386 mg, 1.11 mmol) in
2 mL of THF was added dropwise to the mixture. The
solution was warmed to 0° C. and kept at that temperature
for 1 h before 1 mL of 2 10% solution of AcOH in THF was
added. The mixture was partitioned between saturated aque-
ous NaHCO, and 60/40 ethyl acetate/hexane. Evaporation
of the organic layer gave a residue which was purified by
filration through silica gel to give 252 mg of a mixture
containing (2'R. 3'S)-2',7-(bis)triethylsilyl-N-debenzoyl-N-
ethoxycarbony! taxol and a small amount of the (2'S,3'R)
isomer.

To a solution of 252 mg (0.112 mmol) of the mixture
obtained from the previous reaction in 12 mL of acetonitrile
and 0.6 mL of pyridine at 0° C. was added 1.8 ml of 48%
aqueous HF. The mixture was stirred at 0° C. for 3 h, then
at 25° C. for 13 h, and partitioned between saturated aqueous
sodium bicarbonate and ethyl acetate. Evaporation of the
ethyl acetate solution gave 216 mg of material which was
purified by flash chromatography to give 155 mg (85%) of
N-debenzoyl-N-ethoxycarbony!l taxol, which was recrystal-
lized from methanol/water.

m.p. 161.5°-162.5° C.; [a]u, 2 -62.2° (c 0.51, CHCL,).

'H NMR (CDCl,, 300 MHz) § 8.12 (d, J=7.7 Hz. 2H,
benzoate ortho), 7.65-7.3 (m. 8H, aromatic), 6.28 (m. 1H.
H10) 6.27 (m, 1H, HI13), 5.67 (d, J=7.1 Hz, IH, H2f), 5.53
(d, }=9.3 Hz, 1H, H3"), 5.29 (d, J=9.3 Hz, 1 H, NH), 4.94 (dd,
J=9.3, 2.2 Hz, 1H, HS), 4.64 (dd, J=5.0, 2.8 Hz, 1H, H2),
441 (m. 1H, H7), 4.29 (d, J=8.5 Hz, IH, H20a), 4.17 (d,
J=8.5 Hz. IH. H20B), 4.01 (q, J=7.1 Hz, 2H, COOCH,



Rlerr] is alkyl. alkenyl. alkynyl, aryl, or heteroaryl. Rlerr] is alkyl,

al kenyl , al kynyl, aryl, heteroaryl. -ORerr], or -NR[err]Rerr]; and
Rlerr] is alkyl, alkenyl. alkynyl, aryl, or heteroaryl. 5. The process of
claiml1l wherein the nmetal al koxi de conprises the tetracyclic taxane

nucl eus. 6. The process of claim1l wherein the netal al koxide conprises
the tetrayclic taxane nucl eus; @err] Is -ORor -SRerr]; R err]

i s hydrogen, alkyl, alkenyl, alkynyl.” ™&aryl, or het er oar yl : Rl err and
Rl err] are independently hydrogen, alkyl, alkenyl, al kynyl, aryl. or

het er oaryl ; Rlerr] is -CORerr], -COOR[err], -COSR err],

"OONR[err]Rlerrbyry 379 (d, J=7.1 Hz, 1H, H3). 3.45 (d, J=5 Hz. lH.
20OH), 2.54 (m, 1H., H6q), 2.47 (d, J=3.9 Hz LH. 7OH), 2.36
(s, 3H. 4Ac), 2.24 (s. 3H, 10Ac), 2.22 (m, 2H. H14HZ,
H14D), 1.87 (m. 1H, H6c). 1.83 (br s, 3H, Mel8), L.77 (s,
1H, 10H), 1.68 (s. 3H, Mc19), 1.27 (s, 3H. Mel7), 1.15 (s.
3H, Mel6), 1.14 (1, J=7.1 Hz. 2H. COOCH2CH,).

EXAMPLE 13

REPLACEMENT SHEET |
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Preparation of 3'-desphenyl-3 '-(4-nitrophenyl) taxol

To a solution of 7-triethylsilyl baccatin IIf (200 mg, 0.286
mmol) in 2 mL of THF at —45° C. was added dropwise 0.174
-mL of a 1.63M solution of nButi in hexane. After 0.5 h at
-45 ° C., a solution of cis-1-benzoyl-3-triethylsilyloxy-4-
(4-nitrophenyl)azetidin- 2-one (610 mg, 1.43 mmol) in 2
mL, of THF was added dropwise to the mixture. The
solution was warmed to 0° C. and kept at that temperature
for 1 h before 1 mL of a 10% solution of AcOH in THF was
added. The mixwmre was partitioned between saturated
aqueous NaHCO, and 60/40 ethyl acetate/hexane.



or -SOR[err]Rerr]; Rlerr] is a hydroxy protecting group; Rlerr] is a
sul f hydryl protecting group. Rlerr] is hydrogen. al kyl. alkenyl..

al kynyl . aryl. or heteroaryl: Rerr] is alkyl, g . al kynyl. aryl.
or heteroaryl. HRerr] is alkyl. alkenyl. alkynyl. a D1 hpt LT e )
-OR[err], or -NR[err]Rerr]; and R err] is al kyl .f~ed

aryl. or heteroaryl. 7. The process _o‘{“ claim 1 whefeifn

Evaporation of the organic layer gave a residue which was
purified by filtration through silica gel to give 320 mg of a
mixture  containing (2R,  3'S)-2,7-(bis)triethylsilyl-

‘-desphenyl-3'-(4-nitrophenyl) taxol and a small amount of
the (2'S, 3'R) isomer.

To a solution of 320 mg (0.284 mmol) of the mixture
obtained from the previous reaction in 18 mL of acetonitrile
and 0.93 mL of pyridine at 0° C. was added 2.8.mt of 48%
aqueous HF. The mixture was stirred at 0° C. for 3 h, then
at 25° C. For 13 h, and partitioned between saturated
aqueous sodium bicarbonate and ethyl acetate. Evaporation
of the ethyl acetate solution gave 255 mg of material which
was purified by flash chromatography to give 147 mg (57%)
of 3'-desphenyl-3'-( 4-nitrophenyl) taxol, which was
recrystallized from methanol/water.

m.p. 188°-190° C,; [a] v 2 —63.7° (c 0.01, CHCl,).

'"H NMR (CDCl,, 300 MHz) a 8.26 (d, J=8.8 Hz, 2H,
benzoate ortho), 8.20 (m, 2H, aromatic), 7.73 (m, 4H,
aromatic), 7.60 (m, 1H, aromatic), 7.52 (m, 4H. aromatic),
7.41 (m, 1H. aromatic) , 7.15 (d. J=8.8 Hz, 1H, NH), 6.26
(s, 1H, H10), 6.26 (dd, J=9.3, 9.3 Hz, 1H, H13), 5.93 (dd.
J=8.8, 2.8 Hz, 1H, H3"), 5.66 (d. J=6.6 Hz, 1H, H2p), 4.94
(dd, I1=5.3, 1.7 Hz, 1H, H5), 4.82 (dd. J=3.9, 2.8 Hz, 1H,
H2%, 4.38 (m. 1H, H7), 4.30 (d, J=8.8 Hz, 1H, H20a), 4.19
(d, J=8.8 Hz. 1H. H208), 3.86 (d, J=3.9 Hz, 1H, 2’0OH), 3.79

. (d,J=6.6 Hz, 1H, H3), 2.55 (m, 3H, H6a), 2.46 (d. J=3.8 Hz,
1H, 70H), 2.41 (s. 3H., 4Ac), 2.38 (m, 2H, H14), 2.23 (s, 3H.
10Ac), 1.82 (m, 1H, H6B), 1.80 (br s, 3H, Mel8), 1.74 (s.
1H, 10H). 1.68 (s, 3H, Mel9), 1.21 (s, 3H, Mel7), 1.13 (s,
3H, Mel6).



- 66 - Mis sodium potassium |ithium magnesium titanium

zirconium zinc or cadm um Rerr] is -ORerr]; Rlerr] is -COR[err],
-COOR[err], or -CONR[err]R[err]; Rlerr] and Rlerr] are as defined in
claim1l; and Rlerr] is alkyl, phenyl, furyl or thienyl. 8 . The pross
of claim1l wherein Rerr] is -CORerr] and R err] is phenyl, nethoxy,

et hoxy, tert-butoxy or 45 -

REPLACEMENT SHEET
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EXAMPLE 14

Preparation of 3'-desphenyl-3'-(2-furyl) taxol

To a solution of 7-triethylsilyl baccatin IIT (100 mg, 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 0.5 h at
—45 ° C., a solution of cis-1-benzoyl-3-triethylsilyloxy-4-
(2-furyl)azetidin- 2-one (266 mg, 0.715 mmol) in 1 mL of
THF was added dropwise to the mixture. The solution was
warmed to 0° C. and kept at that temperature for 1 h before
1 mL of a 10% solution of AcOH in THF was added. The
mixture was partitioned between samrated aqueous
NaHCO, and 60/40 ethy! acetate/hexane. Evaporation of the
organic layer gave a residue which was purified by filtration
through silica gel to give 143 mg of a mixture containing
(2R, 3'S) -2', 7- (bis) triethylsilyl- 3'-desphenyl-3'-(2-furyl)
taxol and a small amount of the (2'S, 3'R) isomer.



[err] wherein Xis C, Br, F, CHerr]O or NJerr]- 9. The process of
claim1l wherein Rer] is [err] :

- 46 -

To a solution of 143 mg of the mixture obtained from the
previous reaction in 6 mL of acetonitrile and 0.3 mL of
pyridine at 0° C. was added 0.9 mL of 48% aqueous HF. The
mixture was stirred at 0° C. for 3 h, then at 25° C. for 13 h,
and partitioned between saturated aqueous sodium bicar-
bonate and ethyl acetate. Evaporation of the ethyl acetate
solution gave 115 mg of material which was purified by flash
chromatography to give 98 mg (81%) of 3'-desphenyl-3'-
(2-furyl) taxol, which was recrystallized from methanoV/
water.

m.p. 174°~176° C.; [&] v 2 ~47.8° (c 0.045, CHCL,).

'H NMR (CDCl,, 300 MHz) § 8.14 (d, J=7.0 Hz, 2H,
benzoate ortho), 7.74 (m, 2H, aromatic) , 7.51 (m, 7H,
aromatic), 6.86 (d, J=9.2 Hz, 1H, NH), 6.40 (d, J=1.2 Hz.
2H, furyl), 6.29 (s, ! H. H10), 6.24 (dd. J=9.2, 9.2 Hz, 1H,
H13), 5.89 (dd, J =9.2, 2.4 Hz, 1H, H3", 5.69 (d, }=7.0 Hz.
1H, H2B), 4.96 (dd, J=9.5, 1.8 Hz, 1H. HS), 4.83 (d, J=2.4
Hz, 1H, H2"), 4.42 (dd. J=10.7, 6.7 Hz, 1H. H7), 431 (d.
J=8.6 Hz, | H. H20a), 4.20 (d. J=8.6 Hz. 1 H. H20p). 3.83 (d,
J=7.0 Hz. 1H, H3), 2.56 (m, 1H, H6B), 2.43 (s, 3H. 4Ac),
2.35 (m, 2H, H14), 2.24 (s, 3H. 10Ac) , 1.89 (m. 1H, H6B)
, 1.87 (br s. 3H, Mel18) , 1.87 (s, 1H, 10H) . 1.69 (s, 3H.
Mel9), 1.25 (s, 3H, Mel7) . 1.15 (s, 3H. Mel6).

| 23667 W7




wherein Ph is phenyl, Me is nethyl, and Xis d, Br, F, CHerr]O or
NJ err]-. 10. A process as set forth in claim1l wherein the netal
al koxi de has the formul a

-47 -
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Preparation of 3 '-desphenyl-3'-(4-fluorophenyl)
taxol

To a solution of 7-triethylsilyl baccatin IIT (200 mg, 0.286
mmol) in 2 mL of THF at —45° C. was added dropwise 0.174
mL of a 1.63M solution of nButi in hexane. After 0.5 h at
—45 ° C., a solution of cis-1-benzoyl-3-triethylsilyloxy-4-
(4-fluorophenyl)azenidin- 2-one (570 mg, 1.43 mmol) in 2
ml of THF was added dropwise to the mixture. The solution
was warmed to 0° C. and kept at that temperature for 1 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 layer gave a residue which was purified by filtration
through silica gel to give 315 mg of a mixture containing
(2R, 3'S) -2,7- (bis)triethylsilyl- 3'-desphenyl-3'-(4-
fluorophenyl) taxol and a small amount of the (2'S, 3'R)
isomer.



- 87 -

[err]

-48 -

To a solution of 315 mg (0.286 mmol) of
obtained from the previous reaction in 18 mL of acetomtnle
and 0.93 mL of pyridine at 0° C. was added 2.8 mL of 48% |
aqueous HF. The mixture was stirred at 0° C. for 3 h, then
at 25° C. for 13 h, and partitioned between saturated aqueous
sodium bicarbonate and ethyl acetate. Evaporation of the
ethyl acetate solution gave 250 mg of material which was
purified by flash chromatography to give 160 mg (64%) of
3'-desphenyl-3-( 4-fluorophenyl) taxol, which was
recrystallized from methanol/water.

m.p.171°-173° C.; [a] v, —49.0° (c 0.005, CHCly).

'H NMR (CDCl,, 300 MHz) & 8.13 (d. J=7.5 Hz, 2H,
benzoate ortho), 7.25 (m, 2H, aromatic), 7.61 (m. 1H,
aromatic), 7.50 (m, 4H, aromatic), 7.43 (m, 2H, aromatic),
7.10 (m. 2H, aromatic), 6.96 (d, J=8.7 Hz, 1H, NH), 6.27 (s,
IH, H10) , 6.25 (dd, J=8.7, 8.7 Hz. 1H, H13), 5.79 (dd,
J=8.7, 2.4 Hz, 1H, H3"), 5.67 (d. J=7.1 Hz. |H, H2B), 4,45
(dd, J=7.9 Hz. 1H, HS), 4.76 (dd. J=4.8, 2.4 Hz, 1H, H2"),
4.39 (m. 1H, H7), 4.31 (d, J=8.9 Hz, 1H. H20a), 4.20 (d.
J=8.9 Hz. 1H, H208), 3.80 (d. J=7.1 Hz. 1H, H3), 3.57 (d.

© J=4.8 Hz. |H. 2’0OH), 2.58 (m, |H, H6a), 2.43 (d. J=4.3 Hz.

1H, 70H). 2.38 (s, 3H. 4Ac), 2.30 (m, 2H. H14), 2.24 (s, 3H.
10Ac). 1.85 (m, IH, H6B), 1.80 (br s. 3H. Mel8), 1.69 (S.
1H, 10H). 1.55 (s, 3H, Mel9), 1.23 (s. 3H. Mel7), 1.14 (s,
3H, Mei6).

EXAMPLE 16




wherein Ph is phenyl, Ac is acetyl, Zis- OCOCH err] or Ol[err] and T[err]
and T[err] are hydroxy protecting groups. 11. A process as set forth in
claim1l1 wherein the netal al koxide has the fornula [err]

-49 -
Preparation of 3'-Desphenyl-3'-(2-thienyl)taxol

To a solution of 7-triethylsilyl baccatin IIT (100 mg, 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 0.5 h at
—45 ° C., a solution of cis-1- (4-benzoyl) -3-triethylsilyloxy-
4- (2-thienyl)azetidin- 2-one (277 mg, 0.715 mmol) in 1 mL
of THF was added dropwise to the mixture. The solution was
warmed to 0° C. and kept at that temperature for 1 h before
1 mL of a 10% solution of AcOH in THF was added. The
mixture was partidoned between saturated aqueous
NaHCO, and 60/40 ethyl acetate/hexane. Evaporation of the

" organic layer gave a residue which was purified by filtragoggp; ACENE
through silica gel to give 169 mg of a mixture contaifi T S
(2R,3'S)-2', 7-(bis)triethylsilyl- 3'-desphenyl-3'-(2-thignyt) 23 ocr
taxol and a small amount of the (2'S, 3'R) isomer. 957

To a solution of 169 mg of the mixture obtained frof the
previous reaction in 6 mlL of acetonitrile and 0.3 mL of-
pyridine at 0° C. was added 0.9 mL of 48% aqueous HF. The
mixture was stirred at 0° C. for 3 h, then at 25° C. for 13 b,
and partitioned between saturated aqueous sodium
bicarbonate and ethyl acetate. Evaporation of the ethyl
acetate solution gave 140 mg of material which was purified
by flash chromatography to give 93 mg (76%) of

'3'-desphenyl-3'-(2-thienyl) taxol, which was recrystallized
from methanol/water.

m.p. 173°-175° C.; {a]n.2> —42.1° (c 0.515, CHCl,).

'H NMR (CDCl,, 300 MHz) § 8.14 (d, J=7.1 Hz, 2H,
benzoate ortho), 7.72 (d, J=8.7 Hz, 2H, benzamide ortho),
7.65-7.35 (m, 6H, aromatic), 7.31 (dd, J=5.5, 1.1 Hz, 1H,
thienyl), 7.19 (dd, J=3.9, 1.1 Hz, 1H, thienyl), 7.03 (dd,
J=5.5, 3.9 Hz, 1H, thienyl), 6.96 (4, J=8.8 Hz, 1H, NH), 6.28
(s, 1H, H10), 6.24 (dd, J=8.8, 7.7 Hz, 1H, H13), 6.05 (dd,
J=8.8. 1.7 Hz, 1H, H3"), 5.68 (d. J=7.1 Hz, 1H, H2), 4.95 (dd,
J=9.3, 1.7 Hz, 1H, H5), 4.78 (d, J=2.2 Hz, 1H, H2), 4.40
(dd, J=11.0, 6.6 Hz, 1H, H7). 4.31 (d, J=8.5 Hz. 1H, H20a).
4.20 (d. J=8.5 Hz. 1H. H20pB). 3.81 (d. J=7.1 Hz, 1H. H3),
3.72 (brs, 1H, 2'OH), 2.54 (m, 1H, H6a). 2.41 (s, 3H, 4Ac),
2.37 (m. 2H, Hlda, H14B), 2.23 (s, 3H, 10Ac), 1.88 (m, 1H.

-H6a), 1.82 (br s. 3H, Mel8), 1.68 (s, 3H. Mel9), 1.23 (s,
3H, Mel7), 1.14 (s, 3H, Mel6).




Zis -OCOCH err] or Off[err]; T[err] and T[err] are hydroxy protecting
groups: Mis as defined in claim46; Ph is phenyl; Ac is aceryl; Rerr] is
-OR[err]; Rerr] is hydrogen: Rerr] is alkyl. alkenyl, alkynyl. aryl, or
heteroaryl: Rlerr] is hydrogen: Rerr] is -COR[err] or COOR[err];

-50 -

EXAMPLE 17

Preparation of 2',7-hydroxy protected Taxol using
magnesium alkoxide

To a solution of 7-triethylsilyl baccatin IIT (100 mg, 0.143
mmol) in | mL of THF at —45° C. was added dropwise 0.048
mL of a 3.0M solution of methyl magnesium bromide in
ether. After 1 h at —45° C.. a solution of (+) -cis-1-benzoyl-
3-triethylsilyloxy-4-phenylazetidin-2-one (82 mg. 0.215
mmol) in 1 mL of THF was added dropwise to the mixture.
The solution was warmed to 0° C. and kept at that
temperature for 4 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 ethyi acetate/hexane.
Evaporation of the organic layer gave a residue which was
purified by flash chromatography followed by
recrystailization to give 148 mg (96%) of (2R,3'S)-2',7-
(bis)triethylsilyl taxol. '

EXAMPLE 18

Preparation of 2',7-hydroxy protected Taxol using
potassium alkoxide

To a solution of 7-triethylsilyl baccatin IIT (100 mg, 0.143
mmol) in 1 mL of THF at —45° C. was added dropwise 0.286
mL of a 0.5M solution of potassium hexamethylidisilazide in
toluene. After 1 h at —45° C., a solution of (+)-cis-1-benzoyl-
3-triethylsilyloxy-4-phenylazetidin- 2-one (82 mg, 0.2135
mmol) in 1 mL of THF was added dropwise to the mixture.
The solution was warmed to 0° C. and kept at that
temperature for 3 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 ethy! acetate/hexane.
Evaporation of the organic layer gave a residue which was
purified by flash chromatography followed by
recrystallization to give 139 mg (90%) of (2'R,3'S)-2',7-
(bis)triethylsilyl taxol.



-68- Rferr] is a hydroxy protecting group; and Rerr] is alkyl, alkenyl,
aryl or hetroaryl, 12. A process for the preparation of a taxane
conprising: reacting an al koxi de having the fornula MOCE[err]E[err] E[err]
with a [err]-lactamto forman internmedi ate and converting the
internmediate to the taxane, wherein the [err]-lactam has

-51-
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EXAMPLE 19

Preparation of 2',7-hydroxy protected Taxol using
lithium alkoxide from lithium hexamethyldisilazide

To a solution of 7-triethylsilyl baccatin II (100 mg, 0.143
mmol) in | mL of THF at —45° C. was added dropwise 0.143
mL of a 1.0M solution of lithium hexamethyldisilazide in
THF. After 1 h at -45° C., a solution of (+)-cis-1-benzoyl-
3-triethylsilyloxy-4-phenylazetidin- 2-one (82 mg, 0.215
mmol) 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 layer gave a residue which was
purified by flash chromatography followed by
recrystallization to give 151 mg (98%) of (2'R,3'S)-2',7-
(bis)triethylsilyl taxol.

EXAMPLE 20

Preparation of Taxol using lithium alkoxide (from
lithium hexamethyldisilazide)

To a solution of 7-triethylsilyl baccatin IIT (100 mg, 0.143
mmol) in | mL of THF at —45° C. was added dropwise 0.143
mL of a 1.0M solution of lithium hexamethyldisilazide in
THE. After 1 h at —45° C., a solution of (+)-cis-1-benzoyl-3-
(2-methoxy-2-propyloxy)-4-phenylazetidin- 2-one (58 mg,
0.172 mmol) 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 | 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 layer gave a residue which was
purified by recrystallization to give 147 mg (99%) of (2R,
3'S)-2"-(2-methoxy-2-propyloxy)- 7-triethylsilyl taxol.



the formula: [err] Mis a Goup IA IIA ITI1A VA VA VIA or
transition netal, zinc or cadm um one of E[err], Eferr] and E[err] is
hydrogen or a hydrocarbon and the other two of E[err], E[err] and E[err]
together with the carbon to which they are attached conprise a taxane
nucl eus, Rlerr] is -ORerr], -SRerr], or -NRerr]Rerr];

-52-

To a solution of 116 mg (0.112 mmol) of (2R.3'S)-2"-(2-
methoxy-2-propyloxy)-7-triethylisilyl taxol in 6 mL of
acetonitrile and 0.3 mL of pyridine at Q° C. was added 0.9
mL of 48% aqueous HF. The mixture was stirred at 0° C. for
8 h, then at 25° C. for 10 h. The mixture was partitioned
between saturated aqueous sodium bicarbonate and ethyl
acetate, Evaporation of the ethyl acetate solution gave 113
mg of material which was purified by recrystallization to
give 95 mg (99%) of taxol, which was identical with an
autheatic sample in all respects.

EXAMPLE 21
Menthy! N-benzoyl-(2'R, 3'S)-phenylisoserine ester

To a solution of (~)-menthol (22 mg, 0.143 mmol) in 1 mL
of THF at —45° C. was added dropwise 0.143 mL of a 1.0M
solution of lithium hexamethyldisilazide in THF. After 1 hat
—45° C,, a solution of (+)-cis-1-benzoyl-3-(2-methoxy-2-
propyloxy)- 4-phenylazetidin-2-one (58 mg, 0.172 mmol) in
1 ml. of THF was added dropwise to the mixwre. 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 layer gave 77 mg of a residue
which was dissolved in 6 mL of THF at 0° C. To this solution
was added 0.9 mL of glacial acetic acid and 0.9 mL of water.



Rlerr] - is hydrogen, alkyl, alkenyl, alkynyl, aryl, or het er oaryl ;
Rlerr] and R err] are independently hydrogen, alkyl, alkenyl. al ynyl ,
aryl, heteroaryl, or acyl, provided, however, that Rlerr] and R err] are
not both acyl; Rerr] is -CORerr], -COORerr], -CONRerr]Rerr],
-COSR[err], -Sgerr]Rerr], or -PORlerr]Rerr]; Rerr] is hydrogen,
al kyl . al kenyl, al kynyl, aryl, heteroarg:;, or hydr oxy protecting group;
Rlerr] is alkyl, alkenyl, alkynyl, aryls’Reteroaryl, or sul f hydryl
protecting group; Rlerr] is hydrogen, alkyl, alkenyl, alkynyl, aryl, or
heteroaryl: R errThei sikfugiwes Btivted tatrQ° €.ofgy 3Riethdn parttibped al kenyl ,
al-kynyl, aryl, orp0gLetfiathrated aqueous sodium bicarbonate and ethyl

acetate. Evaporation of the ethyl acetate solution gave 70 mg

of material which was purified by chromatography on silica

gel to give 48 mg (80%) of methyl N-benzoyl-(2R.3'S)-

phenylisoserine ester.

EXAMPLE 22

Bornyl N-benzoyl-(2'R,3'S)-phenylisoserine ester

REPLACEMENT SHEET
_ o OH O
Y O/lv\ P:)L OH
OH H _

To a solution of (—)-borneol (22 mg, 0.143 mmol) in 1 mL

of THF at —45° C. was added dropwise 0.143 mL of a 1.0M
solution of lithium hexamethyldisilazide in THF. After l hat
~45° C., a solution of (+)-cis-1-benzoyl-3-(2-methoxy-2-
propyloxy)- 4-phenylazetidin-2-one (58 mg, 0.172 mmol) 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 2 10% solution of AcOH in THF was
added. The mixwurc was partitioned between saturated
aqueous NaHCO, and 60/40 ethyl acctate/hexane.
Evaporation of the organic layer gave 75 mg of a residue
which was dissolved in 6 mL of THF at 0° C. To this solution

was added 0.9 mL of glacial acetic acid and 0.9 mL of water.
The mixture was stirred at 0° C. for 3 h, then partitioned
between saturated aqueous sodium bicarbonate and ethyl
acetate. Evaporation of the ethyl acetate solution gave 70 mg
of material which was purified by chromatography on silica
gel to give 54 mg (90%) of bornyl N-benzoyl-(2'R,3'S)-
phenylisoserine ester.




Rlerr] is alkyl. alkenyl, alkynyl, aryl, heteroaryl, -ORerr][. or
-NR[err]Rerr]; Rerr] and Rlerr] are independently al kyl, alkenyl,
al kynyl , - 69- aryl. heteroaryl.
-OR[err]. or -NR[er]R err]; and
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EXAMPLE 23

S-verbenyl N-benzoyl-(2'R.3'S)-phenylisoserine
ester

0 l.’h 0
O)KK\ 17/U\ Ph
OH H

To a solution of S-cis-verbenol (22 mg, 0.143 mmol) in 1
mL of THF at —45° C. was added dropwise 0.143 mL of a
1.0M solution of lithium hexamethyldisilazide in THF. After
1 h at 45° C., a solution of (+)-cis-1-benzoyl-3-(2-
methoxy-2-propyloxy)- 4-phenylazetidin-2-one (58 mg,
0.172 mmol) 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 layer gave 79 mg of a residue
with was dissolved in 6 mL of THF at 0° C. To this solution
was added 0.9 mL of glacial acetic acid and 0.9 nil of water.
The mixture was stirred at 0° C. for 3 h, then partitioned
between saturated aqueous sodium bicarbonate and ethyl -
acetate. Evaporation of the ethyl acetate solution gave 70 mg
of material which was purified by chromatography on silica
gel to give 55 mg (92%) of S-verbenyl N-benzoyl-(2'R,3'S)-
phenylisoserine ester.

REPLACEMENT SwgzT

230ct 19977

s ]




Rlerr] is hydrogen. alkyl. alkenyl, alkynyl. aryl, or het er oaryL 13.
The process of claim 2 wherein the netal al koxide conprises the tricyclic

t axane nucl eus. 14. The process of claim5 wherein the netal al koxi de
conprises the tetracyclic taxane nucl eus. 15. A process for the
preparition of taxol conprising reacting a netal alkoxide with a
[err]-Ilactam wherein, t he net al aIkoggde has the formul a
EXAMPLE 24
Terpinen-4-yl N-benzoyl-(2'R.3'S)-phenylisoserine
_ester
o) " ph O
OJKK\IT/[LH‘
OH H

To a solution of (+)-terpinene-4-ol (22 mg, 0.143 mmol)
in 1 mL of THF at —45° C. was added dropwise 0,143 mL
of a 1.0 M solution of lithium hexamethyldisilazide in THF.
After 1 h at —15° C,, a solution of (+)-cis-1-benzoyl-3-(2-
methoxy- 2-propyloxy)-+-phenylazetidin-2-one (58 mg,
0.172 mmol) in | 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
sawrated aqucous NaHCO,; and 60/40 ethyl acetate/hexane.

“Evaporation of the organic layer gave 80 mg of a residue
which was dissolved in 6 mL of THF at 0° C. for 3 h, then
partitioned between samurated aqueous sodium bicarbonate
and ethyl acetate. Evaporation of the ethyl acetate solution
gave 70 mg of material which was purified by
chromatography on silica gel to give 50 mg (83%) of
terpinen-4-yl N-benzoyl-( 2'R, 3'S)-phenylisoserine ester.

nsPLAaﬁMﬁmasf ]




[err]
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EXAMPLE 25

_ 'Igabinocamphenyl

' N-benzoyl-(2'R,3'S)-phenylisoserine ester

REPLACEMENT SHEET

|}

B:} e o3 Lz”’”ﬂ
OJKK\NIJLW
| OH H

To a solution of (—)-isopinocamphenyl .(22 mg, 0.143
mmol) in 1 mt of THF at —45° C. was added dropwise 0.143
mL of a 1.0M solution of lithium hexamethyldisilazide in

THF. After 1 h at ~45° C., a solution of (+)-cis-1-benzoyl-

3-(2-methoxy- 2-propyloxy)-4-phenylazetidin-2-one (53
mg, 0.172 mmol) 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 layer gave 77 mg of a residue
which was dissolved in 6 mL of THF at 0° C. To this solution
was added 0.9 mL of glacial acetic acid and 0.9 mL of water.
The mixture was stirred at 0° C. for 3 h, then partitioned
between saturated aqueous sodium bicarbonate and ethyl
acetate. Evaporation of the ethyl acetate solution gave 70 mg
of material which was purified by chromatography on silica

gel to give 53 mg (89%) of isocamphenyl N-benzoyl-(

2'R,3'S)-phenylisoserine ester.

]



Zis OCOCHerr] or -Of[err],

T[err] is a hydroxy protecting group.

T[err] is a hydroxy protecting group, Ph is phenyl. Ac is aceryl,
is a Goup A ITIA ITIIA IVA VAor VIAor transition metal, zinc,
cadm um
-57-
EXAMPLE 26
a-terpineyl N-benzoyl-(2'R,3'S)-phenylisoserine
ester

To a solution of (—)-menthol (22 mg, 0.143 mmol) in 1 mL

of THF at —45° C. was added dropwise 0.143 ml. of 2 1.0M
solution of lithium hexamethyldisilazide in THF. After 1 hat
-45° C,, a solution of (+)-cis-1-benzoyl-3-(2-methoxy-2-
propyloxy)- 4-phenylazetidin-2-one (58 mg, 0.172 mmol) 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 layer gave 73 mg of a residue

which was dissolved in 6 mL of THF at 0° C. To this solution
was added 0.9 mL of glacial acetic acid and 0.9 mL of water.
The mixture was stirred at 0° C. for 3 h, then partitioned
between saturated aqueous sodium bicarbonate and ethyl
acetate. Evaporation of the ethyl acetate solution gave 70 mg
of material which was purified by chromatography on silica
gel to give 48 mg (80%) of a-terpineyl N-benzoyl-(2'R,3°S)-
phenylisoserine ester.

EXAMPLE 27

Preparation of 2',7-hydroxy protected Taxol using
sodium alkoxide

To a solution of 7-triethylsilyl baccatin IIT (100 mg, 0.143
mmol) in 1 mL of THF at —45° C. is added dropwise 0.143
mL of a 1M solution of sodium hexamethyldisilazide in

M
or
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Rl err] is phenyl.
Rlerr] is a hydroxy prorecting group, and

Rlerr] is hydrogen.

Rlerr] is -COR[err]
16.

Rlerr] is -OR err]
Rl err] is hyrogen.
Rlerr] is phenyl.

nmet al al koxi de having the fornmula: [err]
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THF. After 1 h at —45° C., a solution of (+) -cis-1-benzoyl-
3-triethylsilyloxy-4-phenylazetidin-2-one (82 mg, 0.215
mmol) in 1 mL of THF is added dropwise to the mixture.
The solution is warmed to 0° C. and kept at that temperature
for 3 h before 1 mL of a 10% solution of AcOH in THF is
added. The mixture is partitioned between saturated aqueous
NaHCO, and 60/40 ethyl acetate/hexane. Evaporation of the
organic layer gives a residue which is purified by flash
chromatography followed by recrystallization to give 108
mg (70%) of (2R.3'S)-2',7-(bis)triethylsilyl taxol.

EXAMPLE 28

Prcpz&ation of -'N'-'ﬁébe'xi"zoyl-N-(4~chlorobenzoyl)
taxol

To a solution of 7-triethylsilyl baccatin III (200 mg, 0.286
mmol) in 2 mL of THF at —45° C. was added dropwise 0.174
mL of a 1.63M solution of nBuLi in hexane. After 0.5 h at
-45 ° C., a solution of (+)-cis-1-(4-chiorobenzoyl)-3-
triethylsilyloxy- 4-phenylazetidin-2-one (215 mg, 0.515
mimol) in 2 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 mixmre was partitioned between
samrated aqueous NaHCO,; and 60/40 ethyl acetate/hexane,
Evaporation of the organic layer gave a residue which was
purified by filtration through silica gel to give 320 mg of

crude (2R, 3'S)-2',7-(bis)triethylsilyl-N-debenzoyl-N-(

4-chlorobenzoyl) taxol.

A




wher ei n Mis a netal ;

E[err] E[err] and the carbon to which they are

attached define a teracyclic taxane nucleus. and E[err] i1s hydrogen.
17. The metal al koxide of claim 16 wherein Mia a Goup A IIA

| ant hani de.

L1 A

actinide. Goup IIlA IVA VA or VIA netal. zinc or cadm um

18. The netal al koxide of claim 16 wherein the netal is a Goup IA IIl1A or
transition netal.

(CHa)

-59.-

To a solution of 320 mg (0.286 mmol) of this crude
product in 18 mL of acetonitrile and 0.93 mL of pyridine at
0 ° C. was added 2.8 mL of 48% aqueous HF. The mixture

.was stirred at 0° C. for 3 h, then at 25° C. for 13 h, and

partitioned between saturated aqueous sodium bicarbonate
and ethyl acetate. Evaporation of the ethyl acetate solution
gave 252 mg of material which was purified by flash
chromatography to give 213 mg (84%) of N-debenzoyl-N-
(4-chlorobenzoyl) taxol, which was recrystallized from
methanol/water.

m.p. 179°-181° C.; [e],, 2 —49.8° (c 0.01, CHCL,).

'TH NMR (CDCl,, 300 MHZ) 8 8.12 (d, J=7.1 HZ, 2H,
benzoate ortho), 7.64 (m, 2H, aromatic), 7.60 (m, 1H,
aromatic), 7.49 (m, 9H, aromatic), 7.03 (d, J=8.8 Hz, 1H,

" NH), 6.26 (s, 1H H10), 6.21 (dd, =8.2, 8.2 Hz, 1H, H13),

5.76 (dd, J=8.8, 2.2 Hz, 1H, H3"), 5.66 (d. J=7.1 Hz, 1H,
H2B), 4.92 (dd. J=9.9, 1.I Hz, 1H, HS), 4.77 (dd, J=5.5, 2.2
Hz, 1H, H2), 4.38 (m, 1H, H7), 4.29 (d, J=8.8 Hz, 1H,
H20a), 4.18 (d. J=8.5 Hz, 1H, H20B), 3.78 (d, J=6.6 Hz, 1H,
H3), 3.35 (d, J=5.5 Hz, 1H, 2'0OH), 2.55 (m, 1H, H6w), 2.49
(d, J=4.2 Hz, 1H, 70H), 2.36 (s, 3H, 4Ac), 2.28 (m, 2H,
H14), 2.22 (s, 3H, 10Ac), 1.85 (m, 1H, H6R), 1.77 (br s, 3H,
Mel8), 1.76 (s, 1H, 10H) , 1.67 (s, 3H, Mel9), 1.22 (s, 3H,
Mel7), 1.13 (s, 3H, Mel6).

EXAMPLE 29

Preparation of N-debenzoyl-N-(4-t-butylbenzoyl)
taxol




19. The netal al koxide of claim16 wherein the nmetal is |ithium
magnesi um sodi um potassiumor titanium 20. The netal al koxide of claim
16 wherein the netal is lithium 21. A netal al koxide having the taxane

tetacyclic nucleus and a C13 netallic oxi de substituent. MO wherein Mis

a netal .
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To a solution of 7-triethylsilyl baccatin [II (200 mg. 0.286

mmol) in 2 mL of THF at ~45° C. was added dropwise

0,174 mL, of a 1.63M solutfou of nBul.i in hexane. After0.5

h at 45 ° C,, a solution of (+) -cis-1-(4-t-butylbenzoyl)-3-
triethylsilyloxy- 4-phenylazetidin-2-one (226 mg., 0.515
mmol) in 2 mL of THF was added dropwise to the mixure.

The solution was warmed to 0° C. and kept at that
temperature for 2 h before 1 mL of a 10% solution of At
in THF was added. The mixmure was partitioned begs

PLACEMENT SHEET

saturated aqueous NaHCO; and 60/40 ethyl acetate/h
Evaporation of the organic layer gave a residue which was

€23 OCT W97

purified by filtraton through silica gel to give 330 thg of

crude (2R.3'S)-2' 7-(b15)tnethyisxlyl-\I-debcnzoyLL - 4&t-
butylbenzoyl) taxol.

To a solution of 330 mg (0.289 mmol) of this crude
product in 18 mL of acetonitrile and 0.93 mL of pyridine at
0 ° C. was added 2.8 mL of 48% aqueous HF. The mixture
was stirred at 0° C. for 3 h, then at 25° C. for 13 b, and
partiioned between saturated aqueous sodium bicarbonate
and ethyl acetate. Evaporation of =he ethyl acetate solution
gave 260 mg of material which was purified by flash
chromatography to give 240 mg (92%) of N-debenzoyl-N-
(4-t-butylbenzoyl) taxol, which was recrystallized from
methanol/water.

mp. 171°-173° C.; [&]n.> —49.2° (c 0.05, CHCL,).
'H NMR (CDCl,, 300 MHz) § 8.13 (d, J=7.1 Hz, 2H,

- benzoate ortho), 7.76-7.25 (m, 12H, aromatic), 6.98 (d,

J=8.8 Hz, NH), 6.27 (s, 1H, H10), 6,21 (dd, J=8.8, 8.8 Hz,
2H, H13), 5.77 (dd, J=8.8, 2.7 Hz, 1H, H3", 5.67 (4, J=6.6
Hz, 1H, H2B), 4.94 (dd, J=9.3, 1.2 Hz, 1H, HS), 4.78 (dd,
J=4.4,2.7 Hz, 1H, H2"), 4.38 (m, 1H, H7), 4.29 (d, ]=8.2 Hz,
1H, H20c), 4.20 (d, J=8.2 Hz, 1H, H208), 3.79 (d, J=6.6 Hz,
H3), 3.65 (d, J=4.4 Hz, 1H, 2'OH), 2.57 (m, 1H, H6c), 2.48
(d, J=4.1 Hz, 1H, 7TOH), 2.37 (s, 3H, 4Ac), 2.31 (m, 2H,
H14),2.22 (s, 3H, 10Ac), 1.85 (m, 1H, H6B), 1.79 (brs, 3H,
Mel8), 1.68 (s, 1H, 10H), 1.68 (s, 3H, Me19), 1.29 (s, 9H,
Ar'Bu), 1.23 (s, 3H, Mel7), 1.13 (s, 3H, Mel§6).




- 71- . 22. The nmetal al koxide of claim2l1 wherein Mis a Goup |IA,
[11A |anthanide, actinide. Goup IIlA IVA VAor VIA neral.

cadni um 23. The net al
Goup IA- I1A or transition netalL
wherein the netal is

25. The net al

CH,0

zi nc or

al koxi de of claim?21 wherein the netal is a
24. The netal al koxide of claim21
l'ithium magnesium sodi um potassiumor titanium

al koxide of claim21 wherein the nmetal is 26. The
al koxi de of claim 16 wherein the al koxXi¥e”has the

Preparaton of
N-debenzoyl-N-{(4-methoxybenzoyl)-3'-desphenyl-
3'- (4-fluorophenyl) taxol

To a solution of 7-triethylsilyl baccatin IIT (200 mg, 0.285 |

| mmol) in 2 mL, of THF at —45° C. was added dropwise 0.175

mL of 2 1.63M solution of nBuLi in hexane. After 0.5 h at -

—45 ° C., a soludon of cis-1-(4-methoxybenzoyl)-3-
triethylsilyloxy- 4-(4-fluorophenyl)azetidin-2-one (614 mg,
1.43 mmol) in 2 mL of THF was added dropwise to the
mixture, The solution was warmed to 0° C. and kept at that

. temperature for 1 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 layer gave a residue which was
purified by filtration through silica gel to give 362 mg of a
mixture  containing  (2R.3'S)-2',7-(bis)triethylsilyl-N-
debenzoyi-N-( 4-methoxybenzoyl)-3,-desphenyl-3'-(4-
fluorophenyl) taxol and a small amount of the (2'S,3'R)
isomer.

1A,




[err] wherein Mis a netal Rlerr] is hydrogen. hydroxy.
prot ected hydroxy. | ower al kanoyl oxy. al kenoyl oxy. al kynoyl oxy or
aryl oyl oxy. :

-~ 62 -

To a solution of 362 mg of the mixture obtained from the
previous reaction in 12 ml of acetonitrile and 0.6 mL of
pyridine at 0° C. was added 1.8 mL of 48% aqueous HF. The
mixture was stirred at 0° C. for 3 b, then at 25° C. for 13 h,
and paritioned between saturated aqueous sodium
bicarbonate and ethyl acetate. Evaporation of the ethyl
acetate soluton gave 269 mg of material which was purified
by flash chromatography to give 183 mg (71%) of
N-debenzoyl-N-(4-methoxybenzoyl)-3'-desphenyl-  3'-(4-
fluoropheny!) taxol, which was recrystallized from
methanol/water.

-m.p. 172°-174.5° C; [a]Na” —47.0° (c 0.0044, CHCl,).

'H NMR (CDCl,, 300 HHz) § 8.13 (d, J=7.2 Hz, 2H,
benzoate ortho), 7.7-7.4 (m, 9H. aromatic), 7.10 (dd, J=8.8,
8.8 Hz, 2H, aromatic), 6.97 (d, ]=8.8 Hz, 1H, NH), 6.27 (s,
1H, H10), 6.23 (dd. J=8.8, 8.8 Hz, 1H, H13), 5.76 (dd, J=8.8,
2.2 Hz, 1H. H3", 5.67 (d, J=7.1 Hz, 1H, H2p), 4.94 (dd,
J=9.9, 2.2 Hz, 1H, H5), 4.75 (dd. J=4.4, 2.2 Hz, 1H, H2",
4.39 (m, 1H, H7), 4.31 (d, J=8.5 Hz, 1H, H20a) , 4.19 (4,
J=8.5 Hz, 1H, H20B) , 3.79 (d, J=7.1 Hz, 1H, H3), 3.59 (d,
J=4.4 Hz, 1H, 2'0OH), 2,54 (m, 1H. H6a), 2.47 (d, J=4.4 Hz,
1H, 7OH), 2.36 (s, 3H, 4Ac), 2.30 (m. 2H, Hl4a), H1483),
2.24 (s, 3H, 10Ac), 1.88 (m. 1H. H6a), 1.78 (br s. 3H,
Mel8), 1.74 (s. I1H, 10H), 1.68 (s, 3H. Mel9), 1.23 (s, 3H,
Mel7), 1.14 (s, 3H, Mel6).

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.




or 0xo; Rlerr] is hydrogen. |ower al kanoyl oxy. al kenoyl oxy. al k";/'noyl oxy
or aryl oyl oxy. or o0xo; Rl err] i1s hydrogen. hydroxy. protected hydroxy.

| ower al kanoyl oxy. al kenoyl oxy. al kynoyl oxy or ar | oxy; Rlerr] is
hydr ogen. - hydroxy. |ower al kanoyl oxy. al kenoyl oxy. al kynoy '

aryl oyl oxy; Rlerr] is hydrogen. hydroxy. |ower al kaf# herX Mas Beey, g,

ek b

What I claim is:

1. A process for the preparation of an isoserine ester
having the formula

L

\

“3%(“ AN
s O-CTEZJ ‘ \ o

Rz R E3

comprising reacting a B-lactam with the metal alkoxide of a
secondary or tertiary alcohol, the B-lactam having the

formula
Rs N1—2¢0 - |
b Ems SHEET [ ir vy
Rs — R} REPLAC_L,_,
Ry Rz

and the alkoxide having the formula

wherein
" R, is —OR,, —SR,, or —NRgR,;

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

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

R, is —COR,,, —COOR, o, —COSR, 5, —CONRgR 101
—SO,R,4, or —POR2R 13,

~



26 AUG 1998 -72 - Rlerr] is hydrogen.
hydr oxy. | ower oxy. al knoyloxy or aryloylo 27. The

al koxi de of Thib SHelPrRS Rlerr] is protected hydr/ox

T o m
al kanoyl oxy; l,mlﬂlifé,ﬁii Rlerr] is protected h dr
| ower alkano ] |s aryl oyl oxy; and R err]
28. The al kox 6 -wherein err] I s hydroxy. pr(St ec //I/I//II/

hydr oxy or acetoxy; Rlerr] is oxo; R[err] is hydroxy or protected =
hydr oxy;

. Rqis hydrogen, aikyl, alkenyl, alkynyl, aryl, hctcroaryl or

a hydroxy protecting group,

R, is alkyl, alkenyl, alkynyl, aryl, heteroaryl, or
sulfhydryl protecting group,

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

R9 is an amino protecting group;
Ry is alkyl, alkenyl, alkynyl, aryl. or heteroaryl. -

R,; is alkyl, alkenyl, alkynyl aryl, heteroaryl ~—OR,q OF
‘—\IRSRM'

R,; and R ; are independently alkyl, alkenyl, alkynyl,
aryl, heteroaryl. —OR g, or —NRgR,,, and

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

M is a Group 1A, HA, A, IVA, VA, VIA or transition
metal, zinc, or cadmium; _ .

E, and E, and the carbon to which they are artached
comprise a carbocyclic or heterocyclic ske
containing about 6 to 20 ring atoms, the hetefoRfm:
being oxygen; and

E, is hydrogen or a hydrocarbon.

2. The process of claim 1 wherein

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

R; and R, are independently hydrogen, alkyl, alkenyl,
alkynyl, aryl, or heteroaryl;

Rs iS —-CORIO or ‘_'COORIO;

R is a hydroxy protecting group; and

R;o is alkyl, alkenyl, alkynyl, aryl, or heteroaryl.

3. The process of claim 1 wherein the metal alkoxide

comprises the tricyclic taxane nucleus.
4. The process of claim 1 wherein

the metal alkoxide comprises the tricyclic taxane nucleus;
R, is —OR4 or —SR;

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



Rlerr] is acetoxy; Rlerr] is benzoyl oxy; and Rlerr] is hydroxy.
29. The al koxi de of claim 26 wherein R err] is hydrogen or protected

hydr oxy. he aI kOXI de of claim26 wherein R err] is hydrogen or
| ower al kangyl oxy. € al koxi de of claim 26 wherein Rerrj—+s———

hydr ogen or eetHa%BeenEémcgy koxi de of claim 26 wherei “"ﬂlrm"u"
al kanoyl oxy. ammEXl de of cl a 26 wherein F Jmﬂ
o]

34. The alk 6! wherein érr] is |ower al T<anoyl‘oxy' an
Rlerr] is aryI oyl oxy . The netal al koxide of claim26 wherein the
metal is

R, and R, are independently hydrogen, alkyl, alkenyl,
alkynyl, aryl, or heteroaryl;

R, is —COR,y, —COOR,5, —COSR g, -—-CONRSR,O,
or —SO,R,,.

R, is a hydroxy protecting group;

R, is a sulfhydryl protecting group, -

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

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

R,, is alkyl, alkenyl, alkynyl, aryl, heteroaryl, —OR,,, or

- —NRgR,4; and
R,. is alkyl, alkenyl, alkynyl, aryl, or heteroaryl. -
5. The process of claim 1 wherein the metal alkoxide

comprises the tetracyclic taxane nucleus.
6. The-process of claim 1 wherein

the metal alkoxide comprises the teuacychc taxane
nucleus;

R, is —OR, or —SR,;

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

R, and R, are independently hydrogen, alkyl, alkenyl,
alkynyl, aryl, or heteroaryl;

R4 is —COR,3, —COOR,,, —COSR,, —-CONRaRm,

or ——501 11+

R, is a hydroxy protecting group;

R, is a sulfhydryl protecting group,

Ry is hydrogen. alkyl, alkenyl, alkynyl, aryl, or:
heteroaryl:

R0 is alkyl, alkenyl. alkynyl, aryl. or heteroaryl,

R,, is alkyl, alkenyl. alkynyl, aryl, heteroaryl, —OR,,, or
—NR4R,,; and

R, 1s alkyl. alkenyl, alkynyl, aryi, or heteroaryl

7. The process of claim 1 wherein '

aryl, or -




0X0; Rlerr] is protected hydroxy;

| 'i t hi um magnesi um sodi um potassi um or titanium -36. The aI ﬁ cl ar.
Rlerr] is |ower al kanoyl oxy; /II

35 wherein Rlerr] is protected hydroxy or |ower al kanoyl ﬁk}puéd

- 66 -

M is sodium, potassium, lithium, magnesium, titanium,
zirconium, zinc or cadmium;

R, is —ORg;

R4 is —COR 43, —COOR, g, ot —CONRgR4;

R, and R4 are as defined in claim 1; and

R, is alkyl, phenyl, furyl or thienyl.

8. The process of claim 1 wherein R, is —COR, 5, and R4
is phenyl, methoxy, ethoxy, tert-butoxy or

REPMCE

e

wherein X is Cl, Br, F, CH;0— or NO;—.
9. The process of claim 1 wherein R; is 23 OCT 1997

QL QL. ~
O -

wherein Ph is phenyl, Me is methyl, and X is Cl, Br, F,
CH30—— or N 02‘—“

10. A process as set forth in claim 1 wherein the metal
alkoxide has the formula g

T
l lllllll L /]

v
A
i

»



Rlerr] is aryloyloxy; and Rlerr] is hydroxy. 37. The al koxi de of

clim 35 wherein Rl err] is hydroxy. protected hydroxy or acetoxy;
Rlerr] is oxo; Rlerr] is hydroty or protected hydroxy, Rlerr] is
acet oxy; Rlerr] is benzoyl oxy; and Rl err] is hydroxy. 38. The

al koxi de of claim 35 wherein R err] is hydrogen or protected hydroxy. 39.
The al koxi de of claim35 wherein R err] is hydrogen or |ower al kanoyl oxy.
40. The al koxi de of claim 35 wherein Rf@gh] i s hydrogen or oxo.

\
This Sheet Has B

[T III i

wherein Ph is phenyl, Ac is acetyl, Z is —OCOCHB or
~—OT, and T, and T, are hydroxy protecting groups.
11. A process as set forth in claim 1 wherein

the metal alkoxide has the formula

’I'HIS 8 Y l .
HAS
R 1: PLAC BEEN

o |
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T; and T, are hydroxy protecting groups:

M is as defined in claim 46; - m

Ph is phenyl; / . I!/ ///I//

Ac is acetyl; ! ‘ II!////Is/I// /II/
R, is —OR,;

R; is hydrogen;

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

R, is —COR‘O or —COORu);



41. The al koxi d

m 35 wherein R[err] I's | ower al kanoyl oxy. 42. The

al koxi de of cl ai m maphcqll[ err] is aryl oyl oxy 43. The al koxi de of
cl ai m 35 wher & \ “‘“ \“ WGr al kanoyl oxy and R[err] is aryl oyl oxy.

- 68 -

R, is a hydrcxy protecting group; and

R,o is alkyl, alkenyl, aryl or he:croaryl

12. A process for the preparation of a taxane comprising:

reacting an alkoxide having the formula MOCE,E;E,
with a B-lactam to form an intermediate and converting
the intermediate to the taxane, wherein the §-lactam has
the formula:

Rs
N 3
4 3
RA—{'———Rl
R; R

M is a Group 1A, 0A, ILIA, IVA, VA, VIA or transition
metal, zinc or cadmium;

Z

one of E,, E, and E, is hydrogen or 2 hydrocarbon JHiNaSHEET HAS BEE

other two of E,, E, and E; together with the o ACED
which they are attached comprise a taxane nucleus,

R, is —OR,, —SR,, or —NRgR,; :

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

R, and R4 are independently hydrogen, alkyl, alkenyi,

alkynyl, aryl. heteroaryl, or acyl, provided, however,
that R, and R, are not both acyl;

Ry is —COR,,, —COOR, 4, —CONRgR,5, —COSR,,
—"SOqul, or —POR12R13,

' Rq is hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroaryl, or

hydroxy protecting group;

R, is alkyl, alkenyl, alkynyl, aryl, heteroaryl, or
sulfhydryl protecting group;

Rg is hydrogen, alkyl, alkenyl, alkynyl, aryl, or
beteroaryl; '

R, is an amino protecting group:;

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

Ry, is alkyl, alkenyl, alkynyl, aryl, heteroaryl, —OR,,, or
VRSRD"

R;» and R, are independendy alkyl, alkenyl, alkynyl,



1
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aryl, heteroaryl, —OR,q, or —NR4R,,; and

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

13. The process of claim 2 wherein the metal alkoxide
comprises the tricyclic taxane nucleus.

14. The process of claim 5 wherein the metal alkoxide
comprises the tetracyclic taxane nucleus.

15. A process for the preparation of taxol comprising
reacting a metal alkoxide with a B-lactam wh:rcm.

the metal alkoxide has the formula

€)

the $-lactam has the formula:

Risy _ .z

1" 2]
s 3
NILE N
Ry Rz

Z is —OCOCH, or —OT,,

T, is a hydroxy protecting group, ect Has Been Replaced
e tansbing 1111
Ph is phenyl,

Ac is acetyl,

M is a Group 1A, [TA, ITIA, IVA VA or VIA or transition
metal, zinc, or cadmium,
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'R, is —ORg,

R, is hydrogen,

R, is phenyl,

R, is hydrogen,

R, is —COR,q,

Ry is 2 hydroxy protecting group, and
R,o is phenyl.

x# ®x * ® *

O
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PREPARATION OF SUBSTITUTED
ISOSERINE ESTERS USING METAL
ALKOXIDES AND 8-LACTAMS

ABSTRACT

A process for preparing N-acyl, N-sulfonyl and N-phospho-
ryl substituted isoserine esters in which a metal alkoxide is
reacted with a B-lactam.

R N R
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- CLAIMS

B What I claim is:

1. A process for the preparanon of an isoserine ester
having the for:nula |

R-t _R; 0 E E[. -
. / ]
Rsd T Q=-—C—Ez~
' Rz R - E3

comprising fcacn’ng a B-lactam with the metal alkoxide ofa
secondary or tertiary alcohol, the B-lactam having the
formula

_

vomcin) g

R, is —OR,, —SR,, or —NRgR,;

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

Ry and R, are independenty hydrogen. alkyl, alkenyl,
alkynyl, aryl, heteroaryl, or acyl, provided, hOWCVCf-
that R, and R, are not both acyl;

R, is —COR,,, —COOR,5, —COSR,5, —CONR4R 105

- —SO;R,;, or —POR 3R,
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Ryis hyd.rogcn atkyl, alkcnyl alkynyl, aryl heteroaryl, or
2 hydroxy protecting group,

R, is alkyl. alkenyl. alkynyl. aryl, heteroaryl, or
sulfhydryl protecting group. = |

Rg is hydrogen. alkyl, alkenyl, alkynyl, aryl, or
beteroaryl; ' |

R, is an amino protecting group;

" Ryg is alkyl, alkenyl, alkynyl, aryl. or heteroaryl,

Ry, is alkyl. alkenyl. alkynyl, aryl, heteroaryl, ——OR,O, or
—NRSRI.G'

R,; and R,; are independendy a.lkyl alkenyl, alkynyl,
aryl, h:zcroaryl —OR,q, or —NRgR,,, and

R,, is hydrogen, aikyl, alkenyl, alkymyl, atyl, or
heteroaryl; _

M is aGmupIA.IIA.I]IA IVA, VA, VIA or transition
- metal, zinc, or cadmium;

E, and E; and the carbon to which thcy are attached
comprise 2 carbocyclic or heterocyclic skeleton
contzining about 6 to 20 ring atoms, the hetero atoms
being oxygen: and

E, is hydrogen or 2 hydmmrbon.

2. The process of claim 1 whcr:.n

- Ry is —0ORg; _

R, is hydrogen, alkyl, alkemyl, alkynyl, aryl, or
hez:roaryl ' .

R; and R, are independenatly hydrogen, a!kyl, alkenyl,
alkyuyl aryl, or heteroaryl;

Ry is —COR;, or —COOR(;

Ry is a hydroxy protecting group: and

R, is alkyl, alkenyl, alkynyl, aryl, or beteroaryl.

3. The process of claim 1 wherein the metal alkoxide

comprises the tricyclic taxane nucleus.

4. The process of claim 1 wherein

‘the metal alkoxide | comprises the tricyclic taxane. aucleus;

R, is —OR, or —SR,;

R, is hydrogen, alkyl, alkeayl, -alkynyl, aryl, or.

beteroaryl; : -
l Mgy I
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. Ry and R, are independently hydrogen, alkyl, alkenyi,

alkynyl. aryl, or heteroaryl;

R, is-—COR,, —COOR 5, —COSR,q, -_-CONRaRm.
or —SO,R,;.

Ry is a hydroxy pmcecur;g group;

R, is a sulfhydryl protecting group,

Rg is hydrogen. alkyl, alkenyl, alkynyl, aryl, or
beteroaryl;

R0 is alkyl, alkenyl, alkynyl, aryl, or heteroaryl,

R,, is alkyl, alkenyl, alkynyl, aryl, hetercaryl, —OR 4, or
—NRg4R,,; and

R,, is alkyl, alkenyl, alkynyl, aryl. or heteroaryl. )

5. The process of claim 1 wherein the metal alkoxide

compnses the tstracyclic taxane nucleus.
6. The-process of claim 1 wherein

the metal alkoxide compnscs the tetracyclic taxane
nucleus:

R, is —OR, or —-SR,_; | |

R, is hydrogen. alkyl, alkenyl, alkynyl, aryl, or
‘beteroaryl;

R, and R, are independently hydrogen, alkyl, alkenyl,
alkynyl, aryl. or heteroaryl;

R is —COR,y, —COOR,;,, —COSR, g, —CONR4R,,,

- or —SO,R,,;:

Ry is a hydroxy -protecting group;

R, is a sulfhydryl protecting group,

Rg 1is hydrogen. a.Ikyl. ~alkenyl, alkynyl.' aryl. or
heteroaryl: '

R,q is alkyl, alkenyl. alkynyl. aryl. or heteroaryl

R,, is alkyl. alkenyl. alkynyl. aryl. heteroaryl, —OR 4, or
—NR4R,,: and _

R, is alkyl. alkenyl, alkynyl, aryl. or heteroaryl.

7. The process of claim 1 wherein \
1 g
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M is sodium, potassium, lithium, magnesium, titanium,
Zirconjum,-zinc or cadmium;

R, is—OR,, =

R, is —COR g, —COOR o, 0r —CONR4R

R‘, and Ry are as defined in claim 1; and
R,¢ is aikyl, pbenyl, furyl or ttncnyl | :
- The process of claim 1 wherein Ry is —COR, o, 2nd R,

is pheayl, mc.hoxy ethoxy, tet-butoxy or

©

whersin X is CI, Br, F, CHJO— or NO,—.
- 9. The procsss of claim 1 wherein R3 is

. x‘@' | _
Q. Q. ~~

wherein Ph is phenyl, Me is methyl, and X is Cl, Br, F,
CI'I:O'— or NO .

10. A process as set forth in claim 1 wherein the mct.al
alkoxide has the formula
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MGr s

4
Phcod_ A o
AcO \ o

wherein Ph is phenyl, Ac is acetyl, Z is — OCOCHs or
—OT,and T, and T, are hydroxy protecting groups.

oA pmcess as set forth in claim 1 whez=in

the metai alkoxide has the formula

MQss»

phcoc;_ Aco:\_ .

Z is —OCOCH, or —OT,;
T, and T, are hydroxy protecting groups:
"M is as defined in claim 46;
Ph is pbeayi;
Ac is aceryl;
R, is —OR;
R; is hydrogen:
R, is alkyl, alkenyl, alkynyl, aryl, or hct:roaryl
R, is hydrogen:

R, is —COR o or —COORy5 iy iy Wity
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R, is 2 hydroxy pmmcnr:ggr;:goﬁl | | |
: r * o @ -
?.‘21.0: pﬂqc:lssa?;: ‘:gl. gpa:'axidn of 2 taxane coré?s;né.
reacting an alkoxide having the formula .1\20 v‘cr%n ;
: wi:hga B-lactam to form an intermediate an ?:E:am ing
. the intermediate to the taxane, wherein the B-
the formula: | . |

e TTT
Re—- ;'R' o o

M is a Group IA, OA, - IIA, IVA, VA, VIA or transition
" metal, zinc or cadmium; | | | e
one of E,, E, and E; is hydrogenora hyd;ocarbo;a;:lgn e
other ;wo of E,, E; and E, tcge:thcr with ﬂ:c oo
which they are arrached comprise 2 (axans o .
R, is —OR,, —SR,, or —NR4R,; . |
R; 18 h}i;ogen, alkyl, alkenyl, alkynyl. aryl, or
~ heteroaryl; | - -
R, and R4 are independenty hydrogen, 'alkg,l.hznv:?fgr
3aI.kynyl. aryl. heteroaryl, or aqfll. provided _ y
that R; and R, are not both acyl;
R, is —'-ZZOR,O, —COOR,,, —CONRgR;;» —COSR;00
—S0,R;;, or —POR,;zR3;
R is hydrogen, alkyl, alkenyl, alkynyl, aryl, eteroaryl, or
kydroxy protecting group;
R, is alkyl, alkenyl, alkynyl, aryl, - heteroaryl, or
sulfhydryl protecting group;
Ry is hydrogen, alkyl. alkenyl. alkynyl, aryl, or
heteroarvi: _
R, is an amino protecting group; |
Ry is alkyl, alkenyl, alkynyl, aryl, or heteroaryl;
R, is alkyl, alkenyl, alkynyl, aryl, heteroaryl, —OR,q, or
—NR4R, 4;

R,2 and R,, are independently alkyl, ﬂkcnyl, alkynyl,



REPLACEMENT SHEET

26 AUG 1998

.69-

aryl, beteroaryl, -—OR‘Q. —NR4R,, and E
R4 is hydrogen, alkyl alkenyl, alkymyl. aryl, or
hc..croaryl. | |
13. The process of claim 2 wherein the m:tal alkmudc
comprises the micyclic. taxane nucleus.
14. ‘n::proccss ofciamewh:mmth:m:talalkoxxde
comprises the tetracyclic taxane gucleus.
. 15. A process for the preparadon of taxol comprising
reacting a metal alkoxide with a B-lactam wb.::-zn.

the metal a.lkoxldc has the formula

€))

the Prlacuam bas the formul &\\\\\\\c\\\\\\\\\\i\\\\\!\\
R‘_}_‘IE— Ry

Ry Rz

Z is —OCOCH, or —OT,,

T, is a hydroxy protecting group,
T, is a hydroxy protccung group,
Ph is phenyl, .

Ac is aceryl,

M is 2 Group IA, IIA. [IA, IVA, VA or VIA or transition
metal, zinc, or cadmium,
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R, is —OR,, - .
R, is hydrogen,

R, is phenyl.

R, is hydrogen,

R is —COR,q, | |

R, is 2 hydroxy protecting group, and
R,q is phenyl. |

16. A metal alkomdc havmg the formula.
| | El
/
. MO—C=—E,
E;

wherein
M is a metal:

E,.E, and the carbon to which they are arrached define a
tcu'acychc taxane nucleus, and
E, is hydrogen. |
17.The metal alkoxide of claimn 16 wherein M ia a Group IA.
IA.TIIA. lanthanide. actinide. Group IDA. IVA. VA. or VIA

metal. zinc or cadmium.
18. The metal alkoxide of claim 16 wherem the metal is a

Group IA. ITA or transition metal.

19. The metal alkoxide of claim 16 wherein the metal is -
lithium. magnesium. sodium. potassium or titanium. .
20. The metal alkoxide of claim 16 wherein the metal is
lithjum. |

21. A metal alkoxide having the taxane tetracyclic nucleus

and a C-13 metallic oxide substituent. MO— wherein M is
a metal.
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22.The metal alkoxide of claim 21 wherein M is a Group IA,
OA. ITA. lanthanide. actinide. Group THA. IVA. VA oc VIA
metal. zinc or cadmium.
23. The metal alkoxide of claim 21 wherein the metal is a
Group IA. IIA or twansition metal.
24, The metal alkoxide of claim 21 wherein the metal is
Lichium. magnesjum_sodium. potassium or titaniom.
25. The metal alkoxide of claim 21 wherem the metal is
Lithiam,
26. The alkoxide of daxm 16 wherein the alkomde has the
formula: : |

R B

wherein

M is a metal;

R,s is hydrogen. hydroxy. protected hydroxy. lower
alkanoyloxy. alkenoyloxy. alkynoyloxy or aryloyloxy.
or OXO;

R, is hydrogen. lower alkanoyloxy. alkenoyloxy.
alkynoyloxy or aryloyloxy. or oxo; |

'R,y is hydrogen. hydroxy. protected hydroxy. lower
alkanoyloxy. alkenoyloxy. alkynoyloxy or aryloyloxy;
' R,, is hydrogen. hydroxy. lower alkanoyloxy.
~alkenoyloxy. alkynoyloxy or aryloyloxy: |

R,s is hydrogen. hydroxy. lower alkanoyloxy

alkenoyloxy. alkynoyloxy or aryloyloxy. or oxo; and
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R,; is hydrogen. hydroxy. lower lalkanoyloxy |
alkenoyloxy. alkynoyloxy or aryloyloxy. |

- 27. The alkoxide of claim 26 wherein

R4 is protected hydroxy or [ower alkanoyloxy;

R, is oxo;

R., is protected hyd.roxy.

Ry is lower alkanoyloxy;

Rys is aryloyloxy; and

R, is hydroxy.

28. The alkoxide of cla.un 26 wherein

R,s is hydroxy. protcctcd hydroxy or acetoxy;

R,¢ is oxo;

Ry is hydroxy or protecr.cd hydroxy,
Ry, is acetoxy;

R,s is benzoyloxy; and

R, is hydroxy.

29. The alkoxide of claim 26 wherein R, is hydrogcn or
protected hydroxy. :
30. The alkoxide of claun 26 wheréin R, is hydrogen or
lower alkanoyloxy.

31. The alkonde of claim 26 wherein R4 is hydrogen or

0OXo0.

32. The alkoxide of claim 26 wherein R, is lower
alkanoyloxy.
33. The alkoxide of claim 26 wherein st is aryloyloxy
34. The alkoxide of claim 26. wherein R,, is lower
alkanoyloxy and R, is aryloyloxy. .
35. The metal alkoxide of claim 26 wherein t!xc metal is
lithium, magnesium. sodium. potassium or titanium.

36. The alkoxide of claim 35 wherein
- Ryg4 is protected hydroxy or lower alkanoyloxy;

R,q is 0X0; | - -
Ryo is protected hydroxy; \\\\\\\\\\\\\\\\\\\\

e
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PREPARATION OF SUBSTITUTED
PREPARATION OF S
ISOSERINE ESTERS USING METAL

ALKOXIDES AND 8-LACTAMS

ABSTRACT o
A process for preparing N-acyl, N-sulfonyl and N-phospho-

i i 4 koxide is
ryl substituted isoserine esters in wm;:h a metal alko
reacted with a B-lactam.




