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PREPARATION OF SUBS tll'UTED 
ISOSERL.'iE ESTERS USING METAL 

ALKOXIDES AND ~LACTk\15 

This invention was made with Government support 
under Nili Grant #CA 42031 awarded by the National 
Institute of Health. The Government has certain rights in the 
Invention. 

· REFERE:.'lCE TO RELATED APPLICATIONS. 

This is a continuation of application Ser. No. 07/949,107, -­
filed on Sep.~ 1992, now abandoned. which is a continu­
ation-in-part application of U.S. Ser. No. 07/863,849, filed 
Apr. 6, 199~ now abandoned. which was a continuation-

.in-part application of U.S. Ser. No. 07186~955, tiled Apr. 3, 
1992, now abandoned, which was a continuation-in-pan 
application of U.S. Ser. No. 07n63,805, filed Sep. 23, 1991, 
now abandoned. 

BACKGROUND OF THE INVENTION 

Three esters of N-acyl phenyl isoserine, taxol, tixotere 
and cephalomanmne. have been found to possess significant _ 
properties as antitwnor 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 9ther biologically active deriva­
tives involving the use of metal alkoxides and J3-lactams, in 
particular. 

The ~ane family of terpenes. of which taXol is a 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 stnicture: 
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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 route that has been proposed is directed to 
the syn_thesi_s of the tetracyclic taxane nucleus from com-

modity chemicals. A synthesis of the taxol congener taxusin 
has been reponed 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 involves the use of a congener of weal. 10-deacetyl 
baccatin m which has the Structure of fonnula II shown 
below: 
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10-deacetyl baccatin mis more readily available than taxol 
since it can be obtained from the needles of Ta:rus baccata. 
According to the method of Greene et al., 10-deacetyl 
baccatin m is convened to taxol by attachment of the C-10 
acetyl group and by attachment of the C-13 (3-amido ester 
side chain through the esteri.fication of the C-13 ·alcohol with 
a }3-amido carboxylic acid unit. Although this approach 
requires relatively few steps, the synthesis of the ~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 shownbyWani,. et al. inJACS 93, 2325 (1971) that the 
presence of the ~-amido ester side chain at Cl 3 is required 
for anti-wmor activity. 

More recently, it has been reported in Colin et al. U.S. Pat. 
No. 4,814.470 that wtol derivatives of the formula ill below, 
have an activity significantly greater than that of taxol (I). 
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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. 4.418A70. the 
products of general formula (III) are obtained by the action 
of the sodium salt of tert-butvl N-chloroc:irbamate on a - .. 
product of general formula: 

a·o o (IV) 
/) - _, .. OCOOCH-201 .-.-, 

co-o--

~ 0 

~' 
OcOC6ff s 

OCOCH3 

in which R' denotes an acetyl or 2.2,2-aichloroethoxycar­
bonyl radical, followed by the replacement of the U2-
trichloroethoxycarbonyl group or groups by hydrogen. It is 
repotted 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 m or 
°10-deactylbaccatin m employed for the preparation of the 
product of genCral formula (IV) can be converted to a 
product of general formula (III). 
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In an effort to improve upon the Colin et al. process9 Denis 
et al. disclose a different process for preparing derivatives of 
baccatin m or of 10-deactylbaccatin m of general formula 

co-

l 
CH-OH 

I 

R'O 0 

OCOOI1 
Oc0C6ff !S 

~s-CH-NHCOOC(CH3)J . 

M 

0 

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

O-R1 

(CHmcocoNH~COOH 
~s 

(Vl) 

in which R 1 is a hydroxy-protecting group, is condensed 
with a taxane derivative of general formula: 

(VII) 

HQ.-

0 

I OCOQ{] 
OCO~Hs 
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in which R2 is an acetyl hydroxy-protecting group and R3 is 
a hydroxy-protecting group. and the protecting groups R1, 
R3 and, where appropriate, R2 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 anti-tumor agents is the lack of a re:idily 
available method for easy attachment. to the C-13 oxygen. 
of the chemical unit which provides the J3-amido ester side 
chain. Deve~opment of such a proces~ 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 ~-amido ester side chain. 
. Another major difficulty encountered in the synthesis of 
taxol is that known processes for the attachment of the 
P-amido ester side chain at C-13 arc generally not sufii- · 
ciently diastereoselectivc. 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 fonns. 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 
intennediate which is readily convened 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 

comprising reacting a ~-lactam with a metal alkoxide, the 
J3·lactam having the formula · 

and the metal alkoxide having the formula 

wherein 
R1 is -OR6 , -SR7 , or -NR8~; 
R2 is hydrogen. alkyl, alkenyl. alkynyl, aryl, or het­

eroaryl; 
R3 and R4 are independently hydrogen. alkyl, alke~yl •. 

alkynyl. aryl. heteroaryl, or acyl. provided. however, that R3 
and R4 are not ~oth acy l; 
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R, is -COR10, -COOR10, -COSR10• -CONRsR10• 
-S02R11 , or -POR12R13, 

~ is hydrogen. alkyl. alkenyl. alkynyl. aryl. bcteroaryl, 
hydroxy protecting group, or a functional group which 
increases the water solubility of the ta.xane derivative, 
~ is alkyl. alkenyl, alkynyl, aryl, heteroaryl, or sulfhy­

dryl protecting group, 
R8 is hydrogen. alkyl, alla:nyl. alkynyl, aryl. or het-

eroaryl: 
~is an amino protecting group; 
R10 is alkyl. alkenyl,. alkynyl, aryl, or heteroaryl. 
R11 is alkyl, alkenyl, alkynyl, aryl. hetrmaryl, -OR10t or 

-i'lRsR14, ·· . 
R 12 and R13 are independently alkyl, alkenyl, alkynyl. 

aryl, heteroaryl, -OR10, or -NR.sR14, 

R14 is hydrogen, alkyl, alkenyl, alkynyl, aryl, or het­
eroaryl; 

E1, E.z and E:s are independently hydrogen. hydrocarbon 
or cyclic, provided, a1 least one of E1, ~and~ is other than 
hydrogen. Preferably, two of E1, ~. and~ together with the 
carbon to which they are attached comprise a mono- or 
polycyclic skeleton. 

In accordance with another aspect of the present inven-
.. · tion, the metal alkoxidc and J3-lactam are selected so as to 

provide a process for preparing taxol, taxotere and other 
biologically active taxane derivatives having the following 
structural formula: 

11 
R15 R16 R11 (1) 

R19 

R20 



wherein 
R 1-R14 are ~previously defined, 
R 1,, and R1es are independently hydrogen, hydroxy, lower 

alkanoyloxy, alkenoyloxy, alkynoyloxy, aryloyloxy or Ru 
and R1es together form an oxo; 

R17 and R1a are independently hydrogen or lower 
allcanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy or 
R17 and R1a together form an oxo; 

R19 and Rw are independently ·hydrogen or hydroxy or 
lower alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloy· 
loxy; 

R21 and R22 are independently hydrogen or lower 
alkanoyloxy, alkenoyloxy, alkynoyloxy, ·or aryloyloxy or 
~1 and Rn together form an oxo; 

R,,4 is hydrogen or hydroxy or lower alkanoyloxy, alk­
enoyloxy, alkynoyloxy, or aryloyloxy; or 

R23 and R24 together form an oxo or methylene or 
R23 and R24 together with the carbon atom to which they 

are attached form an oxirane ring or 
R23 and Rn together with the carbon atom to which they 

are attached fonn an oxetane ring; 
R2' is hydrogen, hydroxy, or lower alkanoyloxy, alkenoy­

loxy, alkynoyloxy, or aryloyloxy or 
R26 is hydrogen. hydroxy. or lower alkanoyloxy. alkenoy­

loxy, alkynoyloxy, or aryloyloxy; or R26 and ~ taken 
together form an oxo: and 
. R27 is hydrogen. hydroxy or lower alkoxy, alkanoyloxy, 
alkcnoyloxy. alkynoyloxy, or aryloyloxy. · 

Briefly, therefore. the taxane derivatives are prepared by 
reacting a f3-lactam (2) with a metal alkoxide having the bi-. 
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tri- or tetracyclic taxanc nucleus to form a. ~-amido ester 
intermediate. The intermediate is then converted to the 
taxanc derivati vc. ~-Iactam (2) has the general formula: 

~, ~o ~ 
Nl~, 
, , l 

~ I I Ri 
R1 R2 

wherein R1-R, are as previously defined. The metal alkox­
idc preferably has the uicyclic tax.ane nucleus corresponding 
ho the general fonnula: 

(3) 

MO• 

R14 

wherein M is a metal, and R1,-~ are as previously defined. 
Most preferably, the metal alkoxide has the tetracyclic 
taxane nucleus corresponding to metal alkoxide (3) wherein 
~ and R23 together form an oxetane ring. . 

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

DETAU.ED 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 ~-lactam (2), the structure of which is depicted 
hereinbelow: 

(2) 
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wherein R1, R2, R3, R4 and R, are as previously defined. 
In accordance with the present invention .. R, of J3-lactam 

(2) is preferably -COR11, with R10 with R10 being aryl, 
heteroaryl .. p-substituted phenyl .. or lower alkoxy, and most 
preferably phenyl, methoxy, ethoxy, tert-butoxy ('~uO''; 
(CH3) 3CO-), or 

x 

wherein X is Cl, Br, F, CH30-, or N02-. Preferably ~ 
and R4 are hydrogen or lower alkyl. R3 is preferably aryl, 
most preferably, naphthyl, phenyl, 

-continued 
0 OMc Ph 

) 
0 ' r OMc 

0 s 

()-· or ()-
•· 

. wherein X is as previously defined, Me is methyl and Ph is 
phenyl. Preferably, R1 is selected from -0~, ~R7 or 
-NR8~ wherein ~. R7 and ~. are hydroxy, sulfhydryl, 
and amine protecting groups, respectively, and R8 is hydro­
ge~ alkyl, alkenyl, alkynyl. aryl, or heteroaryl. Most pref­
erably, R1 is -0~ wherein Re is triethylsilyl ('-rES .. ), 
1-ethoxyethyl ("EE"') or 2.2..2-trichloroethoxymethyl. 
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The ~-lactam alkyl groups, either alone or with the 
various substituents defined hereinabove are preferably 
lower alkyl containing from one to six car~on atoms in the 
principal chain and up to 15 carbon atoms. They may be 
straigqt or branched chain and include methyl, ethyl, propyl, 
isopropyl, butyl, isobutyl, ten-butyl, aeyl, hexyl, and the 
like. 

The ~-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 ~-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 ~-lactam aryl moieties described, either alone or with. 
various substituents., contain from 6 to 15 carbon atoms and 
include phenyl, a-naphthyl or ~-naphthyl, etc .. Substituents 
include alkanoxy~ -~~tected hydroxy, halogen, alkyl .. aryl, 
alkenyl. acyl. acyloxy, nitro. amino. amido, etc. Phenyl is the 
more preferred ary 1. 

As noted above, R1 of J3-lacwn (2) may be -0~ with 
~ being alkyl. acyl, ethoxyethyl ("ES"), triethylsilyl 
c-ras·1, 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. cfimethyl-t-butylsi­
lyl. dimethylarylsilyl, dimethylheteroarylsilyl. and triisopro .. 
pylsilyl. 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 Wtley 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, acctonitri.le, pyridine, or 
0.5% HCl/water/ethanol, and/or zinc, acetic acid so as not to 
dismrb the ester linkage or other substituents of the taxol 
intermediate. However, ~ is preferably trlethylsilyl. 
1-ethoxyethyl or ~2,2-trichloroethoxymethyl, and most 
preferably triethylsilyl. 

Also as noted previously, R, may be a sulfhydryl pro· 
tecting group and ~ may be an amine protecting group. 
Sulfllydryl protecting groups include hemitbioacetals such 
as 1-ethoxyethyl and methoxymethyl, thioesters, or thiocar­
bonates. Amine protecting groups include carbamates, for -
example, 2.,2,2-trichloroethylcarbamate or tertbucylcarbam­
are. A variety of sulfhydryl and amine protecting groups may 
be found in the above-identified text by T. W. Greene. 

Since ~-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 fonns. 
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. 

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

Sc:hc:me A 

H ...._ -f"O 

~ ~ ~ 
Ar•' ., OEE 
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Scheme B 

reagents: (a) triethylamine, CH2Cl2, 25° C., 18 h; (b) 4 equiv 
eerie ammonium nitrate, CH3CN, -10° C., 10 min; (c) KOH, 
TIIF, H20, 0° C., 30 min; (d) ethyl vinyl ether, TiiF, toluene 
sulfonic acid (cat.), 0° C., 1.5h; (e) n-butyllithium, ether, 
-78° C., 10 min; benzoyl chloride, -78° C., lh; {f) lithium 
diisopropyl amide, THF -78° C. to -50° C.; (g) lithium 
hexamethyldisilazide, TIIF - 78° C. to 0° C.; (h) THF, - 78° 
c. to 25~ c .. 12 h. 

The starting. materials are readily available. In scheme ~ 
a-acetoxy acetyl chloride is prepared from glycolic acid, 
an~ in the presence of a tertiary amine, it cyclocondenses 
with mines prepared from aldehydes and p-methoxyaniline 
to give 1-p-methoxyphenyl-3-acyloxy-4-arylazetidin-
2-ones. The p-methoxyphenyl group can be readily removed 
through oxidation with eerie ammonium nitrate, and the 
acyloxy group can be hydrolyzed under standard conditions 
familiar to those experienced in the art to provide 3·hy­
dro~y-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) silyl groups. In Scheme B. ethyl­
a-tricthylsilyloxyacetate is readily prepared from glycolic 
acid. 

The racemic ~-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 
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which the ~-amido ester side chain is attached has the 
advantage of being highly diastereoselective~ thus perinit­
ting the use of a racemic mixture of side chain precursor. 

The 3- (1-ethoxyethoxy) -4-phenylazetidin-2-one of 
scheme A and the 3-(1-triethylsilyloxy)-4-phenylazetidin-
2-one of scheme B can be converted to ~-lact:.un (2), by 
treatment with a base, preferably n-butyllithium. and an acyl 
chloride, alkylchlorofonnate. sulfonyl chloride, phosphinyl 
chloride or phosphoryl chloride at -78° C. or below. 

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

in which Ett E~ and the c:irbon to which they are attached 
define a carbocyclic and/or heterocyclic skeleton which may 
be mono- or polycyclic and E3 is hydrogen or hydroc:irbon. 

preferably 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-, ai- 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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Ru R16 R11 (3) 

II 

MO• 

R1, 

Mand R15-Rn 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 R22• ~. 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, R15 
is -OT 2 or -OCOCH3; Rlls is hydrogen; R17 and R 18 
together form an oxo; R 19 is -OT1; R20 and R:u are 
hydrogen; R22 and R23 together with the c3I'bons to which 
they are attached form an oxetane ring; R24 is CH3COO-; 
R2$ is PhCOO-; R26 is hydrogen; R~7 is hydroxy; and T 1 
and T 2 are independently hydrogen or hydroxy protecting 
group. 

Metal substituent. M. of metal alkoxide (3) is a Group IA, 
IlA, IDA. lanthanide or actinide element or a transition, 
Group IIlA. IVA. VA or VIA metal. Preferably, it is a Group 
IA, IlA or transition metal. and most preferably. it is lithium. 
magnesium. sodium. potassium or tit:mtium. 

The metal alkoxide alky 1 groups. either· alone or with the 
various ~ubstituents defined hereinabove are preferably 

lower 3lkyl containing from one to six carbon atoms in the 

principal chain and up to 10 c6U'bon atoms. They may be 

straight or branched chain and include mcthyl9 ethyl. propyl. 
isopropyl. butyl, isobutyl, tert-butyl9 aryl9 hexyl. and the 

like. 
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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 I 0 carbon atoms. They may be 

straight or branched chain and include ethenyl. propenyl. 

isopropeny1.· butenyl. isobutenyl. atyl, hexenyl. and the like. 

The metal alkoxide alkynyl groups. either alone or with 
the various substituents defined herein.above are preferably 

lower alkynyl containjng 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 J3-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 tQ four rings of the taxane nucleus and a C-13 

hydroxyl group with an organometallic compound in a 

suitable solvent. Preferably, the alcohol is a derivative of 

baccatin m or 10-deacetyl baccatin m having the structure 
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z (4) 

HO.•• 

0 

wherein T~ is a hydroxy protecting iroup, and Z is -OT 2 

wherein T2 is acyl, preferably acetyl, or other hydroxy 

protecting group. Most preferably, the alcohol is a protected 

baccatin m, in panicular. 7-0-triethylsilyl baccatin m 
(which can be obtained as described by Greene, et al. in 

JACS 110, S917 (1988) or by other routes) or 7,10-bis-O­

triethylsilyl baccatin III. 

As reponed in Greene et al., 10-deacetyl baccatin ill is 

convened to 7-0-triethylsilyl-10-deacetyl baccatin III 

. according to the following reaction scheme: 

HO 

0 
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OH 

, 
0 , 

HO I , , , 
OCOCH3 

OC04ff5 

(6a) 

· Under what is reported to be carefully optimized conditions, 
10-deacetyl baccatin m is reacted with 20 equivalents of 
(~H,)3Sia at 23° C. under an argon atmosphere for 20 
hours in the presence of 50 ml of pyridinelmmol of 
10-deacetyl baccatin m to provide 7-triethylsilyl-10-
deacetyl baccatin m (6a) as a reaction product in 84-86% 
yield after purification. The reaction product is then acety­
lated with 5 equivalents of CH3COC1 and 25 mL of pyridine/ 
mmol of (6a) at 0° C. under an argon atmosphere for 48 
hours to provide 86% yield of 7-0-triethylsilyl baccatin m 
(6b). Greene, et al. in JACS t 10, ~Ql 7 at 5918 (1988). 

Alternatively, 7-triethylsilyl-10.deacetyl baccatin ill (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 TIIF 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 convened to 7-0-
triethylsilyl-10-(1-ethoxyethyl) baccD.tin m (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. 
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.. .. 
OCOCH1 

OCOC(tffs 

·continued 
OSi(C1H,)3 

(6b) 

0Si(C2Hs)3 

HO 

HO.• 

0 

OEE 

• OCOOl3 
oco<41, 

(6c) 

(6d) 
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7-0-ttiethylsilyl baccatin m (6b), 7,10-bis-O-triethylsilyl 
baccatin m (6c), or 7-0-triethylsilyl- 10-{1-ethoxyethyl) 
baccatin m ( 6d) is reacted with an organometallic com­
pound such as n-butyllithium in a solvent such as tetrahy­
drofuran (THF}, to fonn the metal alkoxide 13-0-lithium-
7-0-triethylsilyl baccatin m (7b) 13-0-lithium-7,10-bis-O-

. triethylsilyl baccatin m (7c), or 13-0-lithium-7-0-
triethylsilyl-10-(l-ethoxyethyl) baccatin m (7d) as shown in 
the following reaction scheme: 

z 

z 

, , 
I 

0 
Of 3 

OSi(C2Hs)3 

' 

OCOCH3 
bco~s 

I 

, 
I 

0 
CH; 

OSi(CzHsh 

OCOCH3 
Oc04Hs 

(7b) Z= -OCOCHl 
(7c) Z = -OSi(CzHsh 
(7d) Z = -OEE • 
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As illustrated in the fallowing reaction scheme, a suitable 
metal alkoxide of the present invention such as 13-0-
lithium-7-0-triethylsilyl baccatin m derivative {7b, 7c, or 
7d) reacts with a j>lactam of the present invention to provide 
an intermediate {Sb, Sc, or 88) in which the C-7 hydroxyl 
group is protected with a tricthylsilyl or 1-ethoxyethyl 
group. 

LiO.• 

RO 

+ 
HO : 

PhCOO 
As;O 

0 

7b-d 

H . 0 · 

'~ -( (1)1HF > 
L+f-R1 

R3 Ri 

(2) 

RO 

HO : 
PhCOO 

AcO 
0 

Sb-d 
b.R=-COOl3 
c: R = -Si(CzHsb 
d.R=-EE 
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Intermediate compound (Sb) readily converts to taxol 
when R1 is -0~, ~and R3 are hydrogen, R4 is phenyl, 
R5 is benzoyl and ~ is a hydroxy protecting group such as 
triethylsilyl. Intermediate compound (8c) readily converts to 
taxotere when R1 is -0~, ~ and R3 are hydrogen, R4 is 
phenyl, R, is tertbutoxycarbonyI and ~ is a hydroxy 
protecting group such as triethylsilyl. lntennediate com- · 
pound (8d) readily converts to 10-deacetyl taxol when R 1 is 
-0~, R2 and R3 are hydrog~ R4 is phenyl, R, is benzoyl, 
and ~ is a hydroxy protecting group such as triethylsilyl. 
Intermediate compounds (8~-'-· Sc and Sd) may be converted 
to the. indicated compounds by hydrolyzing the triethylsilyl 
and 1-ethoxyethyl groups under mild conditions so as not to 
distµrb the ester linkage or the taxane derivative substitu­
ents. 

Sb HF. CsHsN. CH30l > T AXOC 

HF. CsHsN. CH30l > 
8cTAXOTERE 

8d O. l $ HO. EtOH > I 0-0EACE'ITL T AXOL 

Other taxane derivatives may readily be prepared by 
selection of the proper substituents R 1-R, of ~-lactam (2) or 
R13-R27 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 (3-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 substiwent such as 
lithium diisopropy l amide.. other lithium or magnesium 
amides, ethylmagnesium bromide .. methylmagnesium bro· 
mide, other organolithiu:rn·cGmpounds, other organomagne­
sium compounds. organosodium.. 9rganotitanium, orga-
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noz:irconium, organozinc, organoeadmium or 
organopotassium or the corresponding amides may also be 
used Organometallic cc;>mpounds are readily available, or 
may be prepared by available methods including reduction 
of organic halides with metal. Lower alky 1 halides arc 
preferred. For example, butyl bromide can be reacted with 
lithium metal i~ diethyl ether to give a solution of n-butyl­
lithium in the following manner: 

CH3CH::.~CH2I..i + UBr 

Alternatively, the lithium alkoxide may be induced to 
undergo exchange with metal halides to form alkoxides of 
aluminum. boron, ceriu~ calcium, zirconium or zinc. 

Although TIIF is the preferred solvent for the reaction 
mixture, other ethereal sol vents, 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 cenain organometallic compounds such as n-bu­
tyllithium due to incompatibility therewith. 

Although the reaction scheme disclosed herein is directed 
to the synthesis of ce~n taxol derivatives, it can be U$ed 
with modifications in either the ~-lactam or the tetracyclic 
metal alkoxide. Therefore metal alkoxides other than 13-0-
lithium-7-0-triethy lsily l baccatin Ill may be used to form a 

. taxol inte~ediate according to the method of this invention. 
The process of the invention also has the important 

advantage of being highly diastereoselectivc. Therefore 
racemic mixtures of the side chain precursors may be used. 
Substantial cost s~vings may be realized because there is no 
need to resolve racemic ~lactams into their pure enanti­
omers. Additional cost sa~s may be realized because less 
side chain precursor. e.g .. oO-70%' less. is required relative 
to prior processes. 
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The water solubility of compounds of formula (1) may be 
improved if R~ is -OR6 and R19. is -OT1, and R6 and/or 
T 1 are a functional group which increases solubility, such as 
-COGCOR 1 wherein 
. G is ethylene, propylene, CHCH, 1.2-cyclohexane, or 
1,2-phenylene. 

R 1=0H base. NR2 R3
, OR3

• SR3
, OCH2CONR"'R', OH 

R2=hydrogen. methyl 
R3=(CH2)"~RnR7; (CH2)"~9R"'R7R8X 1 e 
~1 to3 
R4=hydrogen, lower alkyl containing 1 to 4 carbons 
R3=hydrogen. lower alkyl conrajning 1 to 4 carbons. 

bcnzyl, hydroxycthyl, CH.zC02a dimethylaminoethyl 
R6R7=lower alkyl c.ootaining 1 or 2 carbons. benzyl or R6 

and 

R 7 together with the nitrogen atom of NR6R 7 form the 
following rings · 

. I I 
N N c ) c ) 
S N 

I 
Oh 

R8=lower alkyl containing 1 or 2 carbons, benzyl 
X19 halide 
base=NH3, (Hoc;H4)3N, l'j((;l:{3h, CH3N(~H40H)2, 
~(CH~tY-1'lH2, N-methylglucamine, NaOH, KOH. . 
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The preparinion of compounds in which~ orT1 is-COG­
COR 1 is set forth in Hangwitz U.S. Pat. No. 4,942,184 
which is incorporated herein by reference. 

The following examples illustrate the invention. 

EXAJ.\1PLE 1 

Preparation of 2' -ethoxyethyl-7-triethylsilyl taXol, 
and subsequently taxol, from racemic ~-lactam 

To a solution of 7 ·triethylsilyl baccatin m (20 mg, 0.028 
m.mol) 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 1 ml of 
THF was added dropwise to the mixture. The solution was 
allowed to slowly wann (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 panitioned between 
saturated aqueous NaHC03 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, 3'5)-2'-ethoxyethyl-7-triethylsilyl taxol and 3.5 mg 
(13%) of 2',3'-epi(2'S, 3'R)-2'-ethoxyethyl-7-triethylsilyl 
tax.al. . 

A 5 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% 
aqueous HCl solution was added. The mixture was stirred at 
0° C. for 30 hand diluted with 50 ml of ethyl acetate. The 
solution was extracted with 20 ml of saturated aqueous 
sodium bicm'bonate solution •. dried over sodium sulfate and 
concentrated. The residue was purified by fiash chromatog­
raphy to provide 4.5 mg (ca.90%) taxol9 which was identical 
with an authentic sample in all respects. 

AS 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 0.5% aqueous .HCI solution was added. The mixture was 
stirred at 0° C. for 30 h and. Eliluted with SO ml of ethyl 
acetate. The solution was extracted with 20 ml of saturated 
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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'-epi­
taxol. 

Preparation of 2',7-(bis)triethylsilyl r.axol, and 
subsequently taxot, from racemic J3-lactam 

To a solution of 7-triethylsilyl baccatin m (lOOmg. 0.143 
mmol) in 1 ml ofTHF at -45° C. was added dropwise 0.087 
ml of a l.63M solution ofnBuLi 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 a 10% 
solution of AcOH in TiiF was added. The mixture was 
partiti~ned between saturated aqueous NaHC03 and 60/40 
ethyl acewelbexane. Evaporation of the organic layer gave 
a residue . which was purified by tlash chromatography 
followed by recrystallization to give 131 mg (85%) of (2'~ 
3'5)-2',7-(bis)triethylsilyl taxol and 15 mg (10%) of 2',Y· 
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% 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 (2'R 3'5)-2',7-(bis) triethylsilyl 
taxol in 0 . .5 ml of acetonitrile and 0.03 ml of pyridine at 0° 
C. was added 0.99 ml of 48% aqueous HF. The mixture was· 
stim:d at 0° C. for 8 h, theQ. ~t 25° C. for 6 h. The mixture 
was partitioned between sawrated aqueous sodium bicar- · 
boruue and ethyl acetate. Evaporation of the ethyl acetate 
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solution gave S mg of material which was purified by flash 
chromatography and recrystallization to give 4.6 mg (ca. 
9590) of 2'.,3'-epimxol. · 

EXA1"1PLE 3 

Preparation of 2',7-(bis)triethylsilyl taxol., and 
subsequently taxol., from optically active j3-lactam 

To a solution of 7-triethylsilyl baccatin m (100 mg, 0.143 
mmol) in l ml ofTHF at-45° C. was added dropwise 0.087 
ml of a 1.63M solution ofnBuLi in hexane. After 1 h at-45° 
C •• a solution of ( + )-cis-l-benzoyl-3-triethylsilyloxy- 4-phe­
nylazetidin-2-one (82 mg, 0.215 mmol) in 1 ml ofTHF 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 aqueous NaHC03 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, 
3'5)-2'. 7-(bis)tricthylsilyl taxol. 

To a solution of 121.3 mg (0.112 mmol) of (2'R. 3'S)-2', 
7-(bis)ttiethylsilyl 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 panitioncd between saturatea aqueous 
sodium bicirbonate md 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. 
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Preparation of taxotere 

To a solution of 7, 10-bis-triethylsilyl baccatin m (200 
mg, 0.248 mmol)) in 2 mL of 11iF at -45° C. was added 
dropwise 0.li4 mL of a l.63M solution ofnBuLi in hexane. 
After 0 . .5 h at -45° C ... a solution of cis-1-(tert-butoxycar­
bonyl)- 3-ttiethylsilyloxy-4-phenylazetidin-2-one (467 mg,. 
1.24 mmol) in 2 mL of THF was added dropwise to the 
mixmre. The solution was wanned to 0° C. and kept at that 
temperamre for 1 h before 1 mL of a 10% solution of'AcOH 
in THF was added. The mixnire was partitioned between 
saturated aqueous NaHC03 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 sodi~ 
bicarbonate and ethyl acewe. Evaporation of the ethyl 
acetate solution gave 21.5 mg of material which was purified 
by Bash chromatography to give 190 mg (95%) of taxotere, 
which was reerystallized from methanol/water. All analyti­
cal and spectral data were identical with that reported for 
taxotere in U.S. Pat. No. 4,814,470. 



- 30 -

:EXAJ.\1PLE 5 

OAc 

Jl i'2 ll 
Pti ~Os·· 

I : 
H OH 

wherein NP2 is 

Preparation of 3'-desphenyl-3'-{2-naphthyl) iaxol 

To a solution of7-triethylsilyl baccatin III (200 mg, 0.286 
mmol) in 2 mL ofTHF at -45° C.- was added dropwise 0.174 
mL of a l.63M solution of nBuLi in hexane. After O.S h at 
-45° C .• a solution of cis- l-benzoyl-3-triethylsilyloxy- 4-(2-
napbthyl)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 panidoncd ·-between satiirated aqueous 
NaHC03 and 60/40 ethyl acewe/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~'S)-2'.,7-(bis)tricthylsilyl-3'-desphcnyl- 3'-{2-naphthyl) 
taxol and a sma:ll amount of the (2'S.,3'R) isomer. 
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To a solution of 320 mg (0.283 mmol) of the mixrme 
obtained from the previous IC3Ction in 18 mL of acetoaitrile 
and 0.93 mI: of pyridine at 0° C .. was added 28 mL of 48% 
aqueous HF. The mixture was stirred at C° C. for 3 ll. then 
at 25° C.. for 13 h, and partitioned between sawrated 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 methanoVwater. 

m.p. 164°-165° C.; [a]Na 25 -52.6° (c 0 005 CHQ3) 
1H NMR (CDC13 , 300 MHz) ·6 8.14 {d, 1=1.3 Hz, 2H, 

benzoate ortho), 7.96 (m, lH, aromatic), 7.90 (m, lH, 
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, 1=8.8 Hz, lH, NH), 6.Tl (s, lH, HlO), 
6.26 (dd, J=9.2, 9.2 Hz., lH, H13), S.91 (dd, J=8.8, 2.5 Hz, 
lH, H3'), S.68 (d, J 7.1 Hz, lH, H2B), 4.93 {m, lH, HS), 
4.92 (m, lH, H2'), 4.39 (m, lH, H7), 4.30(d,1=8.5 Hz, lH, 
H20a), 4.20 (d, J-8.5 Hz, lH, H20B), 3.81 (d. J 7.1 Hz, 
IH, H3), 3.60 (d, J-5 Hz, IH, 2'0H), 2.48 (m. lH, H6a), 
245 (br, IH, 70H), 239 (s, 3H, 4Ac), 2..30 (m, 2H;-Hl4), 
224 (s., 3H., 1 OAc), 1.83 (m, lH., H6B), 1.82 (br s, 3H, 
Mel8), 1.68 (s, lH,. IOH), 1.68 (s, 3H, Mel9)., 1.24 (s, 3H, 
Mel7), 1.14 (s., 3H, Mel6). 

EXAMPLE6 

0 
0 Npt 0 
)l J 11 . 

P!i ~O•• 
OH 

I : 
H OH 

HO 
0 .. • 

Pb-( AcO 0 ·o 
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m.p. 164°-165° C.; [a]N_. 2' -52.6° (c 0.00S, CHC13). 
1H NMR (CDQ3, 300 MHz) o 8.11 (d., 1=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 ~ lH, NH), 6.52(~1=8.8, 1.6 Hz., 
IH, H3'), 6.27-{s, lH, HlO), 6.27 (dd., J=9.l, 9.1 Mz., lH, 
Hl3), 5.68 (d., 1 7.1 Hz, lH, H2~), 4.8S (dd, 1=1.6, 2.2 Hz., 
lH., HS), 4.97 (dd, J- 1.6 Hz., IH, H2'), 4.39 (m. lH, H7), 
4.24(d.,1=8.5 Hz, IH, H20a), 4.17(d.,1=8..5 Hz, lH., H20~), 
3.80 (d.,1=7.1 Hz, IH, H3), 3.65 (br, lH, 2'0H), 2.SS (m., lH, 
H6a), 2.48 (br, lH, 70H), 2.41 (s., 3H, 4Ac), 2.38 (m, IM, 
H14), 1.96 (s, 3H, lOAc),-1.86 (m. lH, H6~), 1.80 (br s, 3lt 
Me18), 1.76 (s, lH, !OH), 1.69.(s, 3a Mel9), 1.28 (S, 3H, 
Mel7), 1.16 (s, 3H, Mel6). 

EXAMPLE 7 

MeO 

OAc: 

OH 

• • 
OH 

' HO 
0 ~ \ 

. Ph-( AcO 
0 

0 

Preparation of 3'-desphenyl-3 ·- ( 4-methoxyphenyl) 
taxol 



- 33 -

wherein N pl is 

Preparation of 3'-desphenyl-3'-{1-naphthyl) taxol 

To a solution of7-triethylsilyl baccatin m (200 mg, 0.286 
mmol) in 2 mL ofTHF at-45° C. was added dropwise 0.17 4 
mL of a l.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 
TiiF was added dropwise to the mixture. The solution was 
warmed to 0° C. and kept at that temperature for 1 h before 
t mL of a 10% solution of AcOH ~n THF was added. The 
mixture was partitioned between saturated· aqueous 

NaHC03 and 60/40 ethyl accwe/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)aiethylsilyl- 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 acetooitrile 
·and 0.93 m.L of pyridine at 0° C. was added 2.8 mL of 48% 
aqueous HF. The mixture was stim:d at 0° C. for 3 h. then 
at 25° C. for 13 h, and partitioned between sawrated 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 recrystallized from metha-
no·Uwa.u:r. · 
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To a solution of7-triethylsilyl baccatin m (200 mg, 0.286 
mmol) in 2 mL ofTHF at -45° C. was added dropwise 0.174 
mL of a 1.63M solution of nBuLi in hexane. After 0.5 hat 
-45 ° C.,_ a solution of cis-l-benzoyl-3-triethylsilyloxy-4-
(4-mcthoxyphenyl)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 panitioned between saturated aque­
ous NaHC03 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 (2'5., 
3'R) isomer. 

To a solution of 320 mg (0.288 mmol) of the mixture 
obtained from the previous reaction in 18 mL of acetonitrilc 
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 satmated 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 (689&) of 
3'-dcsphenyl-3'-( 4-mcthoxyphenyl) taxol, which was 
rccrysr.allized from methanoJ/water. 
m.p. 174°-176° C.; (a]N"'2' -48.86° (c 0.05, CHC3). 
1H NMR (CDC13, 300 MHz) S 8.12 (~ 1=7.1 Hz, 2a 
benzoate onho), 7.72 (m. 2a aromatic)., 7.59 (m. lH, 
aromatic), 7.5~7.36 (m. sa aromatic), 6.96 (~ J=S.8 Hz 
IH. NH), 6.90 (m. 2H. aromatic), 6.26 (s, lH, Hl 0), 6.21 
(dd, J=9.3, 9.3 Hz, (la Hl3), 5. 70 (chi J=8.8, 2.7 Hz. lH. 
H3'), 5.66 (d. J=6.8 Hz, lH, H213), 4.93 (dd. J=9.9, 2.2 Hz. 
lH., HS), 4.74 (dd, J= S.S, 2.1 Hz., lH, H2f3), 4.39 (m, lH, 
H7), 4.29 (~ J=8.8 Hz, lH, H20a), 4.18 (d, J=8.8 Hz. lH, 
H20~), 3.78 (d, J=6.8 Hz. IH, H3), 3.78 (s, 3a AIOMe)~ 
3.67 (d. 1-S.5 Hz lH, 2'0H), 2.61 (m, IH, H6a), 2.50 (d, 
J=4.4 Hz. lH, 70H), 2.37 {s, 3H., 4Ac), 2.31(m.2H, Hl4), 
225 (s, 3H, lOAc), 1.84 (m., lH, H6f3), 1.79 (br s, 3H, 

... Mcl8), 1.79 (s~ lH., 10H), 1.67 (s, 3H, Me19), 1.22 (s, 3H, 
Mel 7), 1.13 (s, 3H, Mel 6). 
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EXAMPLE 8 

OAc 

0 

__ _g. •• 

Preparation of 3'-desphenyl-3 '- (4-chlorophenyl) 
taxol 

To a solution of 7-triethylsilyl baccatin m (200 mg, 0.286 
mmol) in 2 mL ofTHF at-45° C. was added dropwise 0.174 
mL of a 1.63M solution of nButi in hexane. AftJ!r 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 ofTHF was added dtopwise to the mixture9 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 panitioned between saturated aqueous 
NaHC03 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-chlo­
rophenyl) taxol and a small amount of the (2'S. 3'R) isomer. 
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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 stim:d at aa 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 fiash chromatography to give 158 mg (62%) of 
3'-despbenyl-3'-( 4-chlorophenyl) taxol. which was rccrys­
ralHzcd from methanol/water. 

m.p. 173°-175° C:; [a]NA 2$ =50.8_° Cc 0.01. CHC3). 
1H NMR (CDC3 , 300 l'llHz) S 8J3 (d. 1=1.1 Hz 2H. 

benzoate ortho), 7.72 (d, J=S.2 Hz. 2H. benzamide ortho), 
7.65-7,35 (m, lOH. aromatic), 6.97 (d, J=S,8 Hz, lH, NH), 
6.27 (s, IH, HlO), 6.25 (dd. J=S.3, 8.3 Hz. IH~ Hl3), 5.78 
(dd, J=8.8, 2.2 Hz, lH, H3'), 5.67 (d. J~7.l Hz. IH, H2'), 
4.95 (c:Ui 1= 8.8, 2.2 Hz. lH. HS), 4.77 (br s. IH. H2'), 4.40 
Cm. lH. H7), 4.31 Cd. J=8.2 Hz, lH, H20a), 4.19 Cd. J=8.2 · 
Hz. lH, H20~), 3.80 (d, J=7.l Hz, lH, H3), 3.61 (br s,. lH, 
2'0H), 2.54 (m, lH, H6a), 2.38 (s, 3H, 4Ac), 2.32 (m, 2H, 
H14), 2.24 (s, 3H, lOAc), 1.85 Cm. IH, H6~), 1.80 (br s, 3H. 

· Mel8), 1.68 (s, 3H, Mel9), 1.23 (s, 3H, Mel 7),.1.14 (s, 3H. 
Mel6). 

Br 

• • 
OH 
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0 
OH 

0 
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Preparation of 3'-desphenyl-3'-(4-bromophenyl) 
taxol 

To a solution of7-triethylsilyl baccatin m (200 mg, 0.286 
mmol) 1n 2 mL ofTHF 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-triethylsilyloxy-4-
.(4-bromophenyl)azetidin- 2-one (660 mg, 1.43 mmol) in 2 
mL ofTIIF was added dropwise to the mixture. The solution 
was wanned to 0° C. and kept at that temperature for 1 h 
before 1 mL of a 10% solution of AcOH in TiiF was added. 
The mixture was partitioned between saturated aqueous 
NaHC03 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 conraining 
(2~ 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 fiash chromatography to give 186 mg (64%).of 
3'-desphenyl-3'-( 4-bromophenyl) taxol. which was recrys­
tallized from methanoUwater. 

m.p. 170°-172° C.; [a]N"' 2' -50.94° (c 0.01. CH03). 
1H NMR (CDC13, 3"00 MHz) 5 8.12) d. 1=7~2 Hz. 23H. 

benzoate ortho), 7.71 (m, 2H. aromatic). 7.61 (m. lH. 
aromatic), 7.50- 7.47 (m. 6H, aromatic), 7.38 (m. 3H, 
aromatic), 7.04 (d, J= 8.8 Hz. lH .. NH), 6.27 (s. lH. HIO), 
6.23 (dd, J=8.2, 8.2 Hz. lH. Hl3), 5.75 (dd. J=8.8, 2.2 Hz. 
lH, H3'), S.66 (d, J-7.1 Hz, 11-L H2~), 4.94 (dd, J=9.~, 1.7 
Hz. lH. HS), 4.75 (dd, J- 2.2 Mz. IH. H2'), 4.38 (m. IH. 
H7), 4.29 (d. 1=8.2 Hz, lH. H20a), 4.18 (d, 1=8.2 Hz. lH,. 
H20~), 3.79 Cd. J=1,1 Hz. 1a HJ), 3.7 (br, 1H, 2·om, 2.s3 
(m. lH. H6a), 2.38 (br. lH, 70H), 2.37 (s, 3H, 4Ac), 230 
(m, 2H, H14), 2.23 (s, 3H. lOAc), 1.87 (m. lH. H6J3), 1.80 
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(br s, 3H, Mcl8), 1.80 (s, lH. lOH), 1.67 (s, 3H. Mel9), 
1.22 (s, 3H, Mel7), 1.13 (s, 3H. Mcl6). 

0 
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Preparation of 3'-desphenyl-3'- (3, 
4-methylenedioxyphenyl) taxol 

OH 

0 

To a solution of7-triethylsilyl baccatin m (200 mg, 0.286 
. mmol) in 2 mL ofTHF at-45° C. was added dropwise 0.174 
mL of a 1.63M solution of nBuLl in hexane. After 0.5 h at 
-45 ° C., a solution of cis-l-benzoyl-3-triethylsilyloxy-4-
·(3,4-methylenedioxyphenyl)azetidin- 2-one ( 61 a mg, 1.43 
mmol) in 2 of TIIF 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 mixmre was panitioned between saturated aque­
ous NaHC03 and 60/40 ethyl acetate/hexane. Evaporation 
of the organic layer gave a residue which was purified by 
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filtration through silica gel to give 320 mg of a mixture 
containing (2'R,3'S)-2',7-(bis)triethylsilyl- 3'-desphenyl-J' .. 
(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 saturated aqueous 
sodium bicarbonate and ethyl acetate. Evaporation of the 
ethyl acetate solution gave 113 mg of material which was 
purified by Hash chromatography to give 165 mg (64%) of 
3'-desphenyJ .. 3'-( 3,4-methylenedioxyphenyl) taxol, which 
was recrystallized from methanol/water. 

m.p. 178°-180° C.; [a]NA 2S -46.6° (c 0.005, CHC13): 
1H NMR (CDC13, 300 MHz) B 8.14 (d. 1=7.2 Hz, 2H, 

benzoate onho), 7.72 (m .. 2H, aromatic), 7.15 (m .. lH .. 
aromatic)., 7.50 (m. 2H, aromatic), 7.38 (m, 2H. aromatic), 
7.0 (m.. lH, ·aromatic), 6.94 (m, 2H, aromatic), 6.88 (d.1=9.1 
Hz, 1 H NH), 6.83 (m. 1 H. aromatic), 6.28.(s,·1 H. HI 0), 6.23 
(dd, 1= 9.1. 9.1 H_z. lH. H13), 5.97 (s, 2H .. methylene), 5.69 
(dd. 1= 9.1, 2.5 Hz. 1 H. H3'), 5.68 (d .. 1=6.9 Hz. ·1H. H2~). 

. ~·. ···--

4.95 (dd. J=9.6. 2.2 ~ lH. MS), 4. 72 (dd. 1=2.5 Hz. 1 H. 
H2j, 4.41. (m. lH, H7), 4.31 (d. J=8.4 Hz. lH. H20a). 4.20 
(d. 1=8.4 Hz. lH. H20(3). 3.81 (d, 1=6.9 Hz. lH. H3). 3.60 
(br. lH. 2'0H). 2.56 (m, lH. H6u), 2.43 (d, J=4.l Hz, lH, 
70H), 2.39 (s, 3H, 4Ac), 2.31(m.2H.Ml4), 2.24 (s, 3H, 
lOAc), 1.88 (m. lH. H6~), 1.82 (br s, 3H. Mel8), 1.69 (s, 
lH. lOH), 1.68 (s, 3H. Mel9). 1.24 (s, 3H. Mel7), 1.15 (s, 
3H, Mel6). . 
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Preparation of 3'-desphenyl-3'-(3, 
4-dimethoxyphenyl) taxol 

0 

To a solution of7 .. tiiethylsllyl baccatin m (200 mg, 0.286 
mmol) in 2 mL ofTHF at-45° C. was added dropwise 0.174 
mL of a l.63M solution of nBuLi in hexane. After 0.5 h at 
-45 ° C ... a solution of cis-t .. benzoyl-3-triethylsilyloxy-4-
(3,4-dimethoxyphenyl)azetidin- 2-one (630 mg, 1.43 mmol) 
in 2 mL of THF w~ added dropwise to the mixture. The 
solution was wanned to 0° C. and kept at that temperature ·· . 
for 1 h before I mL of a 10% solution of AcOH in THF was 
added. The mixture was partitioned between saturated aque-
ous NaHC03 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. 
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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 mL of 48% 
aqueous HF. The mixture was stirred at 0° C. for 3 h. then 
at 25° C. for 13 h, and panitioned between saturated aqueous 
sodium bicarbonate and ethyl aeetate. 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 methano~~ater. 

m.p. 165°-167° C.; [cx]NA2' -42.0° (c 0.005, CHCI3). 
1H ~~tR (CDC13, 300 MHz) S 8.12 (d. J=8.3 Hz. 2H. 

benzoate ortho), 7.73 (d. J=S.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. aro­
matic). 6.27 (S. lH. H_IO). 6.21 (dd. J=9.3. 9.3 Hz. lH. Hl3), 
5.69 (m. :!H. H3. H2~). 4.94 (dct Hz. J=9.9. 2.2 Hz. IH. HS), 
4.77(d.1=2.8 Hz. IH, H2'), 4.39 (dd. J=l 1.0. 6.6 Hz. lH, 
H7), 4.30 (d. J =8.5 Hz. lH, H20cx). 4.19 (d. J=8.5 Hz. lH, 
H20~). 3.88 (s. 3H. ArOMe). 3.87 (s. 3H. ArO~te), 3.80 (d. 
1-1.1 Hz. IH. H3), 3.59 (d. J=4.4 Hz. lH. 2'0H). 2.54 (m. 
lH, H6a). 2.38 (s. 3H. 4Ac), 2.36 (m. 2H. Hl4a .. Hl4~). 

. .. . . ~ -
223 (s. 3H, lOAc}, 1.86 (m., lH, H6~). 1.80 (br s. 3H. 
Me18), 1.68 (s, JH, Mel9), 1.23 (s, 3H. Mel7), 1.14 (s, 3H. 
Mel6). 

EXAs.\llPLE 12 
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Preparation of N-debenzoyl-N-ethoxycarbonyl taxol 

To a solution of7-triethylsilyl baccatin m (155 mg, 0.221 
mmol)) ~n 2 mL of nIF at -45° C. was· added dropwise 
0.136 mL of a l.63M solution of nBuLi in hexane. After 0.5 
h at 45 ° C., a solution of cis-1-ethoxycarbonyl-3-trieth­
ylsilyloxy-4-phenylazetidin- 2-one (386 mg, 1.11 mmol) in 
2 mL of TiiF was added dropwise to the mixture. The 
solution was warmed ti? 0° C. and kept at that temperature 
for 1 h before 1 mL of a 10% solution of AcOH in TI1F was 
added. The m1xture was partitioned between saturated aque­
ous NaHC03 and 60/40 ethyl acetate/hexane. Evaporation 
of the organic layer gave a residue which was p~fied by 
filtration through· silica gel to give 252 mg of a mixwre 
containing (2'R. 3'S)-2',7-(bis)triethylsilyl-N-debcnzoyl-N- . 
ethoxycarbonyl taxol and a small amount of the (2'S,3'R) . 
isomer. 

-

To a solution of 252 mg (0.112 mrnol) of the mi.X:ture 
obtained from the previous reaction in 12 mL of_acetonitrile 
and 0.6 ~ 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-ethoxycarbonyl taxol. which was recrystal­
lized from methanoUwater. 

m.p. 161.5°-162.5° C.; (<l],vA 25 -62.2° (c 0.51, CH03). 
1 H NMR (CDC13 , 300 MHz) CS 8.12 ( d, J 7. 7 Hz •. 2H, 

benzoate ortho). 7.65-7.3 (m. SH. aromatic), 6.28 (m. IH. 
HlO) 6.27 (m, IH. Hl3), 5.67(d,1=7.1 Hz, IH. H2~). 5.53 
(d, J=9.3 Hz. IH. H3'), 5.29(d,1=9.3 Hz. IH. NH). 4.94 (dd. 
J=9.3, 2.2 Hz, lH. ~5), 4.64 (dd. J-5.0, 2.8 Hz, lH, H2'), 
4.41 (m. 1 H. H7), 4.29 (d. 1=8.5 Hz, 1 H, H20a), 4.17 (d. 

J=8.5 Hz. lH. H20~). 4.01 (q, 1=7.1 Hz, 2H. COOCH2 
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CH3), 3.79 (d. J=i.1 Hz. lH. HJ). 3.45 (d, 1=5 Hz .. lH. 
2'0H), 2.54 (m. 1 H. H6a), 2.47 (d. J=3.9 Hz lH. 70H). 2.36 
(s, 3H. 4Ac), 2.24 (s. 3H. 10Ac). 2.22 (m. 2H. Hl4HZ. 
Hl4D). 1.87 (m. IH, H6a). l.83 (br s, 3H. Mcl8). l.77 (s, 
lH. lOH).1.68(s.3H.Mcl9),1.27(s.3H.Mel7). l.15(s. 
3H. ~el6). 1.14 (t, J=7.1 Hz. 2H. COOCH2Qb). 

NOz 
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Preparation of 3'-desphenyl-3 '-(4-nitrophenyl) taXol 

To a solution of7-trlethylsilyl baccatin m (200 mg, 0.286 
mmol) in 2 mi. ofTHF at-45° C. was added ~opwise 0.174 
mL of a 1.63M solution of nButi in hexane. After 0.5 h at 
-45 ° C., a solution of cis-l-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 wanned to 0° c. and kept at that temperaru.re 
for 1 h before 1 Il\L of a 10% solution of AcOH in THF was 
added. The mixture was partitioned between sarurated 
aqueous NaHC03 and 60/40 ethyl acetate/hexane. 
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Evaporation of the organic layer gave a residue which was 
purified by filtration through silica gel to give 320 mg of a 
mixture conta1Illng (2'R, 3'5}·2·,7-(bis)triethylsilyl-
3'-desphenyl-3'-(4-nitrophenyl) taxol and a small amount of 
the c2·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 mixtu~ was stirred at 0° C. for 3 h, then 
at 25° C. For 13 h.. and partitioned between saturated 
aqueous sodium bicarbonate arid 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.; [cx]NA2.$ -63.7° (c 0.01, CHC13). 

1H NMR (CDCl3 , 300 MHz) a 8.26 (~ 1=8.8 Hz. 2H, 
benzoate ortho), 8.20 (m, 2H, aromatic), 7.73 (m, 4H, 
aromatic). 7.60 (m, lH. aromatic), 7.52 (m, 4H. aromatic), 
7.41 (m. IH. aromatic), 7.lS (d, J-8.8 Hz, lH, NH), 6.26 
(s, lH, H!O), 6.26 (dd, 1=9.3, 9.3 Hz. lH, H13), S.93 (dd. 
J-8.8, 2.8 Hz, lH. H3'), 5.66 (d, J=6.6 Hz, IH, H2~), 4.94 
(dd, 1=9.3, 1.7 Hz, lH. HS), 4.82 (dd. 1=3.9, 2.8 Hz, lH, 
H2'), 4.38 (m. IH. H7), 4.30 (d. J=8.8 Hz. IH. H20a), 4.19 
(d, J=S.S Hz. lH. H20~), 3.86 (d, J=3.9 Hz, IH. 2'0H). 3.79 
(d, 1=6.6 Hz. I H. H3), 2.55 {m, 3H. H6cx). 2.46 (d.1=3.8 Hz. 
lH, iOH). 2.41 (s. 3H. 4Ac), 2.38 (m. 2H. Hl4), 2.23 (s. 3H. 
lOAc). 1.82 (m. 1 H, H6~), 1.80 (br s. 3H. Me 18), 1. 74 (s. 
1 H, 1 OH). 1.68 (s. 3H. Me 19), 1.21 (s. 3 H. Me 17), 1.13 (s. 
3H. :Vte 16). 
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Preparation of 3'-desphenyl-3'-(2-fmyl) wcol 

To a solution of7·triethylsilyl baccatin m (100 mg, 0.143 

mmol) in 1 mL ofTHF at-45° C. was added dropwise 0.087 

mL of a l.63M solution of nBuLi in hexane. After 0.5 h at 

-4S ° 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 sanirated aqueous 

NaHC03 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 a small amount of the (2'S, 3'R) isomer . . 
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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 methanoU 
water. 

m.p. 174°-176° C.; [et] Na 2' -47.8° (c 0.045, CHC13). 

1H NMR (CDC13, 300 MHz) S 8.14 (d. J 7.0 Hz.. 2H. 
benzoate ortho), 7.74 (m, 2H, aromatic) , 7.51 (~ 7H, 
aromatic), 6.86 (d, 1=9.2 Hz. !H, NH), 6.40 (d. J 1.2 Hz. 
2H, furyl), 6.29 (s, ! H. HlO), 6.24 (dd. J=9.2, 9.2 Hz, IH, 
Hl3), 5.89 (dd, J =9.2, 2.4 Hz. IH, H3'), 5.69 (d, J 7.0 Hz. 
lH, H2~). 4.96 (dd. 1=9.5, 1.8 Hz, lH. HS), 4.83 (d, J 2.4 
Hz. lH, H2'), 4.42 (dd. J-10.7. 6.7 Hz, lH. H7), 4.31 (d. 
1=8.6 Hz. 1 H. H20a), 4.20(d.1 8.6 Hz~ 1 H. H20~). 3.83 (d. 
1=1.0 Hz. IH. H3), 2.56 (m. IH. H6~). 2.43 (s. 3H. 4Ac). 
2.35 (m. 2H. Hl4), 2.24 (s. 3H. IOAc) • 1.89 (m. IH. H6f3) 
, 1.87 (br s. 3H. Mel8) • 1.87 (s. IH. lOH) . 1.69 (s. 3H. 
Mel9), 1.25 (s. 3H, Me17). 1.15 (s. 3H. ~el6). 



F 
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Preparation of 3 '-desphenyl-3'-( 4-fiuorophenyl) 
taxol 

OH 

0 

To a solution of7-triethylsilyl baccatin m (200 mg, 0.286 
mmol) in 2 mL ofTHF at-45° C. was added dropwise 0.174 
mL of a l.63M solution of nButi in hexane. After O.S h at 
-45 ° c-7 a solution of cis-1-benzoyl-3-triethylsilyloxy-4-
(4-tluorophenyl)azenidin- 2-one (570 mg, 1.43 mmol) in 2 
mL ofTHF 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 TIIF was added. 
The mixture was partitioned between saturated aqueous 
NaHC03 and 60/40 ethyl acewe/hexane. Evaporation of the 
organic layer gave a residue which was purified by filtration 
through silica gel to give · 31 S mg of a mixture containing 
(2'R, 3'S) -2',?- (bis)triethylsilyl- 3'-desphenyl-3'-(4-
ftuorophenyl) taxol and a small amount of the (2'S, 3'R) 
isomer. 
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To a solution of 315 mg (0.286 mmol) of the mixture 
obtained from the previous re:iction in 18 mL of acetonitrile 
and 0.93 rnL of pyridine at oa c. was added 2.8 mL of 48% 
aqueous ·HF. The mixture was stirred at oa C. for 3 h, then 
at 25° C. for 13 h, and panitioned between saturated aqueous 
sodium bicarbonate and ethvl acetate. Evaooration of the 

J • • 

ethyl acetate solution gave 250 mg of material which was 
purified by flash chromatography to give 160 mg (64%) of 
3'-desphenyl-3'-( 4-fiuorophenyl) taxol. which was 
recrystallized from methanoUwater. 

m.p.171°-173° C.; [etlNa ~ -49.0° (c 0.005, CHC13). 

1H ~'),tR (CDC13, 300 MHz) S 8.13 (d. 1=1.5 Hz, 2H, 
benzoate ortho), 7.25 (m, 2H, aromatic), 7.61 (m. IH, 
aromatic). 7 . .SO (m, 4H, aromatic), 7.43 (m, 2H .. aromatic), 
7.10 (m~ :!H, aromatic), 6.96(d~1=8.7 Hz. lH, NH). 6.27 (s. 
lH, H10) • 6.25 (dd. 1=8.7, 8.7 Hz. lH. Hl3), 5.79 (dd, 
J-8.7, 2..+ Hz. IH. H3'), 5.67 (d. J 7.1 Hz. lH. H2~). 4,45 
(dd, J 7.9 Hz. lH, H5). 4.76 (dd. J=4.8. 2.4 Hz. lH, H2'), 
4.39 (m. lH. Hi), 4.31 (d, J-8.9 Hz. lH. H20a), 4.20 (d ... 
1=8.9 Hz. lH. H20~). 3.80 (d .. J=7.l Hz. lH. H3), 3.57 (d. 
J=4.8 Hz. lH. 2'0H), 2.58 (m, lH. H6a). 2.43 .(d. J=4.3 Hz. 
lH, 70H). 2.38 (s, 3H. 4Ac). 2.30 (m. 2H. Hl4), 2.24 (s, 3H. 
lOAc). 1.85 (m. IH, H6~). 1.80 (br s. 3H. Mel8), 1.69 (S. 
lH, IOH). 1.55 (s. 3H. :\'1el9), 1.23 (s. 3H. Mel7), 1.14 (s. 
3H, Mei6). 

. . 
OH 

EXA!\1PLE 16 · 
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Preparation of 3'-Desphenyl-3'-(2-thienyl)taxol 

To a solution of 7-triethylsilyl baccatin ill ( 100 mg, 0.143 
mmol) in 1 mL ofTHF at -45° C. was added dropwise 0.087 
mL of a 1.63.M solution of nBuLi 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 
ofTHF was added dropwise to the mixture. The solution was 
warmed to 0° c. and kept at that temperature for 1 h before 
1mLofa10% solution of AcOH in THF was added. The 
mixture was partitioned between saturated aqueous 
NaHC03 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 
(2'1U'S)-2', 7-(bis)triethylsilyl- 3'-desphenyl-3'-{2-thieny 1) 
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% aqueous HF. The 
mixture was stirred at 0° C. for 3 ~then at 25° C. for 13 h9 
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 (76o/o-) of 

. 3'-desphenyl-3'-(2-thienyl) taxol, which was recrystallized 
from methanol/water. 

m.p. 173°-175° C.; [a]Na2' -42.1° (c 0.515, CHC13). 
1H NMR (CDC13, 300 MHz) 8 8.14 (d. J 7.1 Hz. 2H. 

benzoate ortho). 7.72 {d, J=8.7 Hz9 2H. benzamide ortho), 
7.65-7.35 (m. 6H, aromatic), 7.31 (dd, J S.S. 1.1 Hz. lH. 
thienyl), 7.19 (dd. J-3.9. 1.1 Hz. lH .. thienyl), 7.03 (dd. 
1=5.5, 3.9 Hz. IH. thienyl), 6.96 (d. J=8.8 Hz, IH. NH), 6.28 
(s, lH., HIO), 6.24 (dd9 J=8.8, 7.7 Hz, IH, HI3), 6.05 (dd. 
J=S.8.1.7 Hz.. IH. H3.),5.68 (d.J=7.l Hz. IH. H2),4.95 (dd. 
I= 9 .3, I. 7 Hz, I H, HS), 4. 78 ( d. J-:-2.2 Hz, I H, H2'), 4.40 
(dd, J-11.09 6.6 Hz. lH. H7). 4.31 (d. J=8.5 Hz. IH. H20a), 
4.20 (d. J=8.5 Hz. lH. H20~). 3.81 (d. J=7.1 Hz •. lH. H3), 
3.72 (br s, lH. 2'0H), 2.54 (m, lH. H6a), 2.41(s.3H, 4Ac). 
2.37 (m. 2H, Hl4a9 Hl4JJ), 2.23 (s. 3H. lOAc). 1.88 (m. lH. 
· H6a), 1.82 (br s. 3H. Mel8). 1.08 (s, 3H. Mel9), 1.23 (s. 
3H, Mel7), 1.14 (s, 3H. Mel6). 



- so -

EXAMPLE 17 

Preparation of 2',7-hydroxy protected Taxol using 
magnesium alkoxide 

To a solution of 7-triethylsilyl baccatin III (100 mg, 0.143 
mmol) in l mL ofTHF at -45° C. was added dropwise 0.048 
mL of a 3.0M solution of methyl magnesium bromide in 
ether. After 1 hat -45° C .• a solution of(+) -cis-1.-benzoyl-
3-triethylsilyloxy-l-phcnylazetidin-2-one (82 mg. 0.215 
mmol) in l mL ofTHF was added dropwise to the mixrure. 
The solution was wanned to 0° C. and kept at that 
tempcrawre f9r 4 h before 1 mL of a. 10% solution of AcOH 
in THF was added. The mixture was. partitioned between 
samrated aqueous NaHC03 and 60/40 ethyl acetate/hexane. 
Evaporation of the organic layer gave a residue which was 
purified by tlash chromatography followed by 
recrystallization to give 148 mg (96%) of (2'R3'S)-2',7-
(bis)triethylsilyl taxol. 

EXAJ.'dPLE 18 

Preparation of 2', 7-hydroxy procccted Taxol using 
potassium alkoxide 

To a solution of7-triethylsilyl baccatin m (100 mg. 0.143 
nunol) in 1 mL ofTHF at -45° C. was added dropwise 0.286 
mL of a O.SM solution of potassium hexamethyldisilazide in 
toluene. After 1 h at -45° C., a solution of ( + )-cis-1-benzoyl-
3-triethylsilyloxy4-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 3 h before 1 mL of a I 0% solution of AcOH 
in THF was added. The mixture was partitioned between 
saturated aqueous NaHC03 and 60/40 ethyl acetate/hexane. 
Evaporation of the organic layer gave a residue which was 
purified by -tlash chromatography followed by 
recrystallization to give 139 mg (90%) of (2'R,3'S)-2',7-
(bis)triethylsilyl taxol. -
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EXJ\J.'APLE 19 

Preparation of 2', 7-hydroxy protected Taxol using 
lithium alkoxide from lithium hexamethyldisilazide 

To a solution of7-ttiethylsily1 baccatin m (100 mg, 0.143 
mmol) in 1 mL ofTHF at -4SC'. C. was added dropwise 0.143 
mL of a l.OM solution of lithium hexamethyldisilazide in 
THF. After 1 h at -45° C .• a solution of (+)-cis-l-benzoyl-
3-ttiethylsilyloxy-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 l mL of a 10% solution of AcOH 
in THF was added. The mixture was partitioned between 
saturated aqueous NaHC03 and 60/40 ethyl acetate/hexane. 
Evaporation of the organic layer gave a residue which was 
purified by fiash chromatography followed by 
recrystallization to give 151 mg (98%) of (2'R,3'S)-2',7-
(bis)triethylsilyl taxol. 

EX&\1PLE 20 

Preparation of Taxol using lithium alkoxide (from 
lithium hexamethyldisilazide) 

To a solution of7-triethylsilyl baccatin m (100 mg, 0.143 
mmol) in 1 mL ofTHF at-45° C. was added dropwise 0.143 
mL of a J.OM solution of lithium hexamethyldisilazide in 
THF. After I 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 TiiF was added. The mixture was partitioned between 
saturated aqueous NaHC03 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-propy loxy )- 7-triethy lsil y I wcol. 
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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 
aa:tonitrile 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 mixmre was partitioned 
between sawrated 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. 

EXAl~PLE 21 

Menthyl N-benzoyl-{2R 3'S)-phenylisoscrine ester 

• • • . . 

· To a solution of (-)-menthol (22 mg, 0.143 mmol) in 1 mL 
ofTHF at -45° C. was added dropwise 0.143 mL of a I.OM 
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 TIIF was 
added. The mixture was partitioned between sawrated 
aqueous NaHC03 and 60/40 ethyl acetate/hexane. 
Evaporation of the organic layer gave 77 mg of a residue 
which was dissolved in 6 mL ofTHF at 0° C. To this solution 
was added 0.9 mL of glacial acetic acid and 0.9 mL of water. 
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The mixture was stirTed at 0° C. for 3 h. then partitioned 
between sawrated aqueous sodium bic:irbonate 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)­
pheny Iisoserine ester. 

EXAMPLE 22 

Bomyl N-benzoyl-(2'R.3'S)-phenylisoserine ester 

0 ~---- OH 0 

OJl. ~~OH -_ l -I 
_.,,._._.. OH H 

To a solution of (-)-borneol (22 mg, 0.143 riunol) in 1 mL 
ofTHF at-45° C. was added dropwise 0.143 mL of a I.OM 
solution of lithium hexamethyldisilazidc in THF. After l hat 
45e1 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 th'1.t temperature 
for 2 h before 1 mL of a 10% solution of AcOH in THF was 
added. The mixture was partitioned between saturated 
aqueous NaHC03 and 60/40 ethyl acetate/hexane. 
Evaporation of the organic layer gave 75 mg o( a residue 
which was dissolved in 6 mL ofTHF at 0° C. To this solution 

was added 0.9 mL of glacial acetic acid and 0.9 mL of water. 
The mixnire was stirred at 0° C. for 3 h. then panitioned 
between saturated aqueous sodium bicarbonate and ethyl 
accwe. Evaporation ofthe ethyl acetate solution gave 70 mg 
of material which was purified by chromatography on silica 
gel to give ~~ mg (9~) of bomyl N-benzoyl-(2'R,3'S}· 
phenylisoserine ester. 
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EXA."1PLE 23 

S-verbenyl N-benzoyl-(2'R .. 3'S)-phenylisoserine 
ester 

' 

0 Ph 0 

o)l. ~~Ph· 
I ·l -, 

OH H 

To a solution of S-cis-verbenol (22 mg, 0.143 mmol) in I 
mL of THF at -45° C. was added dropwise 0.143 mL of a 
l.OM solution of lithium hexamethyldisilazide in THF. Afu!r 
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 N aHC03 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 ~ 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. 
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EXA.VIPLE 24 

Terpinen-4-yl N-benzoyl-(2'R.3'S)-phenylisoserine 
ester ·-· 

To a solution of (+)-terpinene-4-ol (22 mg, 0.143 mmol) 
in l 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-1-benzoyl-3-(2-
methoxy- 2-propyloxy)-..:...phenylazetidin-2-onc (58 mg, 
0.172 mmol) in 1 mL of THF was added dropwise to_ the 
mixture. The solutioJ;I was warmed to 0° C. and kept at that 
temperature for 2 h before 1 mL of a l 0% solution of AcOH 
in THF was added. The mixture was partitioned between 
sa~r.~~~d aqu~'?us X~S:,c;>~---~~ 60/4Q e~yl acetate/hexane. 
Evaporation of the organic layer gave 80 mg of a residue 
which was dissolved in 6 mL of'IHF at 0° C. for 3 h. then 
partitioned between samrated aqueous sodium bicarbonate 
and ethyl acetate. Evaporation of the ethyl acewe solution 
gave 70 mg of material which was purified by 
chromatography on silica gel to give SO mg (83%) of 
t=pinen-4-yl N-benzoyl-( 2'R. 3'S)-phenylisoserine es~. 
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EXAMPLE 25 

Isopinocamphenyl 

N-benzoyl-(2'R.3'S)-phenylisoserine ester 

To a solution of (-)-isopinocamphenyl .(22 mg, 0.143 

mmol) in 1 mt ofTHF 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-l-benzoyl-

3-(2-methoxy- · 2-propyloxy)-4-phenylazetidin-2-one (58 
mg. 0.172 mmol) in 1 mL ofTHF 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 NaHC03 and 60/40 ethyl acetate/hexane. 
Evaporation· of the organic layer gave 77 mg of a residue 

which was dissolved in 6 mL ofTHF 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 ~rial which was purified by chromatography on silica . . 

gel to give 53 mg (89%) of isocamphenyl N-benzoyl-( 

2'~3'S)-phenyliso~erine ester. 
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aX&~PLE 26 

a-terpineyl N-benzoyl·(2"~'S) .. phenylisoserine 
ester 

0 Ph. 0 . 

,-;aV~Ph 
OH H 

To a solution of(-)-menthol (22 mg. 0.143 mmol) in I mL 
of'nn: at -45° C. was added dropwise 0.143 mL of a I.OM 
solution of lithium hexamethyldisilazide in TiiF. After 1 hat 
-45° C •• a solution of (+)-cis-1-benzoyl·3-(2-methoxy·2· 
propyloxy)- 4-phenylazetidin-2-onc (58 mg, 0.172 mmol) in 
1 mL of TiiF 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 NaHC03 and 60/40 ethyl acetate/hexane. 
Evaporation of the organic layer gave 73 mg of a residue 
which was dissolved m 6 mL ofTHF 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 of7-uiethylsilyl baccatin m (100 mg, 0.143 
mmol) in 1 mL of THF at -45° C. is added dropwise 0.143 
mL of a IM solution of sodium hex~ethyldisilazide in 
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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 mixture. 
The solution is wanned 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 
NaHC03 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%) ~f (2'R.3'S)-2',7-(bis)triethylsilyl taxol. 

EXAi"1PLE 28 

0 
0 Ph 0 

~o .. 
I : . 

H OH 
J 

HO : H 
0 :\_\ 

Ph~ AcO O 
a 

- ... 

Preparation of N-debenzoyl·N-( 4-chlorobenzoyl) 
taxol 

To a solution of 7·triethylsilyl baccatin m (200 mg. 0.286 
mmol) in 2 mL ofTHF at -45° C. was added dropwise 0.17 4 
mL of a 1.63M soiution of nBuLi in hexane. After 0.5 h at 
-45 ° C.. a solution of (+)-cis-1-(4-chlorobenzoyl)-3· 
triethylsilyloxy.. 4-phenylazetidin-2-one (215 mg, 0.515 
mmol) in 2 mL of nn: 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 
saw.rau:d aqueous NaHC03 and 60/40 ethyl acew.e/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-cblorobcnzoyl) taxol. 
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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.; [a],v0 
23 -49.8° (c 0.01. CHC13). 

1H NMR (CDC13, 300 MHZ) 8 8.12 (d, J~7.l HZ, 2H. 
benzoate ottho), 7.64 (m, 2a aromatic), 7.60 (~ lH, 
aromatic), 7.49 (~ 9H, aromatic), 7.03 (d, J=8.8 Hz, lH, 

. NH),. 6.26 (s, lH HlO), 6.21 (dd, 1=8.2, 8.2 Hz. lH, Hl3), 
S.16 (dd, J=8.8. 2.2 & lH, H3'), 5.66 (d. J-7.1 Hz. lH, 
H2fJ), 4.92 (dd. J= 9.9, I.I Hz, lH, HS), 4.77 (dd. J 5.5, 2.2 
Hz, IH, H2'), 4.38 (m, lH, H7), 4.29 (d. J-8.8 Hz lH, 
H20a.), 4.18 (d. J=8.5 Hz lH~ H20{3), 3.78 (d. J=6.6 Hz. IH, 
H3), 3.35(d,1=5.5 Hz, lH, 2'0H), 2.55 (m,_ lH, H6a), 2.49 
(d, 1=4.2 Hz lH, 70H), 2.36 (s, 3H, 4Ac), 2.28 (m, 2H, 
H14). 222 (s, 3H. IOAc), 1.85 (m, lH, H6(3), 1. 77 (br s, 3H, 
Mel8), 1.76 (s. lH, IOH) , 1.67 (s, 3H, Mel9), 1.22 (s. 3H, 
Mel7), 1.13 (s .. 3H. Mel6). 

~\1PLE29 

0 Ph 0 

~() .. 
I 

H 
• . 
OH 

' HO 

0 

0. : 
Ph-( AcO 

0 
Preparation of N-debenzoyl-N-(4-t-butylbenzoyl) 

taxol 

01 

0 
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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 1.63~1 solution of nBuLi in hexane. After 0.5 
hat -45 ° C .• a solution of(+) -cis-1-(4-t-butylbenzoyl)-3-
triethylsilyloxy· 4-phcnylazctidin-2-one (~6 mg. 0.515 
mmol) in 2 mL of THF was added dropwise to the mixrure. 
The solution was warmed to 0° C. and kept at that 
temperamre for 2 h before 1 mL of a 10% solution of AcOH 
in THF was added. The. mixture was partitioned between 
saturated aqueous NaHC03 and 60/40 ethyl acetate/hexane. 
Evaporation of the org~c 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 mL of pyridine at 
0 ° C. was added 28 mL of 48% aqueous HF. The mixture 
was stiITed at 0° C. for 3 h. then at 25° C. for 13 h. and 
partitioned between saturated aqueous sodium b_icarbonate 
and ethyl acetate. Evaporation of--he ethyl acetate solution 
gave 260 mg of material which was purified· by ftash 
chromatography to give 240 mg (92%) of N-debenzoyl-N­
(4-t-butylbenzoyl) taxol, which was recrystallized from 
methanoUwater. 

m.p. 171°-173° C.; [aJNca:z.s -49.2° (c 0.05, CHC13). 
1H NMR (CDQ3, 300 MHz) 8 8.13 (d, J-7.1 Hz.. 2~, 

benzoate ortho), 7.76-7.25 Cm. 12H, aromatic), 6.98 (d, 
J=8.8 Hz .. NH), 6.27 (s, lH. HlO), 6,21 (dd. J=S.8, 8.8 Hz, 
2H, Hl3), 5. 77 (dd. J=8.8. 2. 7 az. IH. H3'), 5.67 (d. 1=6.6 
Hz. lH, H2f3), 4.94 (dd. J=9.3, 1.2 Hz, IH, HS), 4.78 (dd. 
1=4.4, 2.7 Hz.. IH .. H2'),. 4.38 (m. lH, H7), 4.29 (d.1=8.2 Hz. 
lH. H20a), 4.20 (d,.J=S.2 Hz, lH, H20f3), 3.79(d.1=6.6 Hz .. 
H3), 3.65 (d. J=4.4 Hz, lH. 2'0H), 2.57 (m. lH, H6a), 2.48 
(d, J=4.1 Hz. lH, 70H), 2.37 (s., 3H. 4Ac),. 2.31 (m,. 2H, 
Hl4), 2.22 (s, 3H, lOAc), 1.85 (m, lH. H6~), 1.79 (br s., 3H,. 
Mel8), 1.68 {s, IH, "!OH), 1.68 (s, 3H, Mel9), 1.29 (s, 9H,. 
Ar'Bu), 1.23 (s, 3H, Mel 7), 1.13 (s, 3H. Mel6). 
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EXA.i.\4PLE 30 

F 

OAc 

0 OH 

• • OH 

Preparation ·of _ 
N-debenzoyl-N-(4-methoxybenzoyl)-3'-desphenyl-

3'- (4-fluorophenyl) wcol 

To a solution of 7-triethylsilyl baccatin m (200 mg, 0.285 
mmol) in 2 mL ofTHF at-45° C. was added dropwise 0.175 
mL of a 1.63M solution of nBuLi in hexane. After O.S h at 
-45 ° C., a solution 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 109& solution of AcOH 
in THF was added. The mixw.re was partitioned between 
saturated aqueous NaHC03 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-
fiuorophenyl) taxoi and a small amount of the (2'S,3'R) 
isomer. 

0 



- 62 -

To a solution of 362 mg of the mixture obtained from the 
previous re:iction 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 partition~d between saturated aqueous sodium 
bicarbonate and ethyl acetate. Evaporation of the ethyl 
acetate solution gave 269 mg of material which was purified 
by fiash · chromatography to give 183 mg (71 %) of 
N-debenzoyl-N-( 4-methoxybenzoyl)-3'-desphenyl- 3'-( 4-
fiuorophenyl) taxol, which was reaystallized from 
methanol/water. 

m.p. 172°-174.5° C.; [a1Na2' -47.0° (c 0.0044, CHC3). 
1H NMR (CDCl3, 300 HHz) 0 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. IH. NH), 6.27 (s, 
lH, HlO). 6.23 (dd. J=8.8, 8.8 Hz. IH, Hl3), S.76 (dd. J=8.8. 
2.2 Hz. lH. H3·). 5.67 (d, J-7.1 Hz, lH. H2~), 4.94 (dd. 
J=9.9, 2.2 Hz, lH, HS), 4.75 (dd. J=4.4, 2.2 Hz. lH, H2') , 
4.39 (m. lH. H7), 4.31 (d. 1=8.S Hz. IH. H20a), 4.19 (d .. 
J=8.S Hz, lH., H20~) , 3.79 (d, J=7.l Hz, lH. H3), 3.59 (d. 
J=4.4 Hz. IH, 2'0H). 2.54 (m, lH. H6a), 2.47 (d. J=4.4 Hz. 
lH. 70H), 2.36 (s. 3H, 4Ac), 2.30 (m. 2H. Hl4a), Hl4~). 
2.24 (s, 3H. lOAc), 1.88 (m. lH. H6a) .. 1.78 (br s. 3H, 
Mel8), 1.74 (s. lH. !OH), 1.68 (s, 3H. Me19), 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 whhoul depaning. from the 
scope of the invention. it is intended that all matter contained 

in the above description be inte:prcted as illustrative and not 
in a limiting sense. 
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CLAIMS: 

1. _ A metal alkoxide having the formula: 

wherein 
M is a metal; 
E1 and E3 and the carbon to which they are 

attached comprise a carbocyclic or heterocyclic skeleton; 
and 

B1 is hydrogen or hydrocarbon. 

2. The metal alkoxide of claim 2 ~herein 
E1 , E2 and the carbon to which they are attached comprise 
a taxane, and E3 is hydrogen. 

· 3. The metal alkoxide of claim 2 wherein 
E1 , E2 and the carbon to which they are attached define a 
tricyclic taxane nucleus1 and 

E; is hydrogen. 

4. The metal alkoxide of claim 2 wherein 
M is a Group IA, IIA, IIIA, lanthanide, actinide, Group 
IIIA, IVA, VA, or VIA metal, zinc or cadmium. 

5.. The metal alkoxide of claim 2 wherein 
the metal is a Group IA, IIA or transition metal. 

\ lll\11\ l\ll\\ Ill\\ \\1\1 \\ \II\ 
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6,. The metal alkoxide of claim 2 wherein 
the metal is lithium, magne_sium, sodium, potassium or 

titanium. 

7. The metal alkoxide of claim 2 wherein 

the metal is lithium. 

8. An alkoxide having the formula: 

wherein 
M is a metal; 

R.15 and R.u are independently hydrogen, hydroxy, 
lower alkanoyloxy, alkenoyloxy, alkynoyloxy, aryloyloxy 
or R.15 and R16 together form an oxo; 

R17 and R11 are independently hydrogen or lower 
alkanoyloxy, alkenoyloxy, alkynoyloxy, or a:ryloyloxy or 
R17 and R111 together form an oxo; 

Ru and R20 a.re independently hydrogen ~r hydroxy 
or low~r alkanoyloxy, alkenoyloxy, alkynoyloxy, or 
aryloyloxy; 

~1 and R22 are independently hydrogen or lower 
alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy or 
R21 and R.22 together form an oxo; 

R24 is hydrogen or hydroxy or lower alkanoyloxy, 
alkenoyloxy, alkynoyloxy, or aryloylo:x.y; or 

~3 and ~.. together form an oxo or methylene or 
R.33 and Ri. toge~her with the carbon atom to 

which they are attached form an oxirane ring: or 

l lllllll llllll lllll lllll II llll 
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~3 and Ri2 together with the carbon atom to 
which they are attached form an oxetane ring; and 

R25 is hydrogen, hydroxy, or lower alkanoyloxy, 
alkenoyloxy, alkynoyloxy, or aryloyloxy; or 

R211 is hydrogen, hydroxy, or lo.wer alkanoyloxy, 
alkenoyloxy, alkynoyloxy, or aryloyloxy; or ~' and ~5 
taken together form an oxo; and 

R27 is hydrogen, hydroxy or lower alkoxy, 
alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy. 

9. The alkoxide of claim 9 wherein 
R19 is hydrogen; 
R~0 is hydroxy or lower alkanoyloxy, 

alkenoyloxy, alkynoyloxy, or aryloyloxy; 
R21 is hydrogen or together with ~2 farms an 

· oxo; 

Ri2 is hydrogen or lower alkanoyloxy, 
alkenoyloxy, alkynoyloxy, or aryloyloxy or together with 
~1 forms an oxo; 

R24 is hydrogen or hydroxy or lower alkanoyloxy, 
alkenoyloxy, alkynoyloxy, or aryloyloxy; or 

R23 and Rz4 together form an · oxo or methylene; or 
Jt.i3 and Rzt together with the carbon atom to 

which they are attached form an oxirane ring; and 
R25 is hydrogen, hydroxy, or lower alkanoyloxy, 

alkenoyloxy, alkYi;loyloxy, or aryloyloxy; and 
R2 , is hydrogen. 

10. . - The alkoxide of claim 9 wherein R15 , 

R171 R19 , R21 , and R26 are hydrogen. 

11. 1 The alkoxide of claim 9 wherein R15 
is hydrogen;· ·and R16 is hydroxy or lower alkanoyloxy, 
alkenoyloxy, alkynoyloxy, or aryloyloxy. 

11111111111111 11111 1111111 1111 
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12. The alkoxide of claim 9 wherein R15 

is hydrogen, and R16 is lower alkanoyloxy. 

13. The alkoxide of claim 9 wherein R11 

and R18 are hydrogen. 

14. . The alkoxide of claim 9 wherein R11 

together with R11 forms an oxo. 

• 15. The alkoxide of claim 9 wherein R17 

is hydrogen, and R11 is lower alkanoyloxy, alkenoyloxy, 
alkynoyloxy, or aryloyloxy. 

16. · The alkoxide of claim 9 wherein R19 

is hydrogen, and ~o is hydroxy or lower alkanoyloxy, 
alkenoyloxy, alkynoyloxy, or aryloyloxy. 

17. The alkoxide of claim 9 wherein R19 

and Rao are hydrogen. 

18. · The alkoxide of claim 9 wherein R.z1 is 
hydrogen, and R22 is lower alkanoyloxy, alkenoyloxy, 
alkynoyloxy or aryloyloxy. 

19. The alkoxide of claim 9 wherein Ru 
and R22. · are hydrogen. 

20. The alkoxide of claim 9 wherein 
R21 and R22 are independently 

hydrogen or lower alkanoyloxy, alkenoyloxy, alkynoyloxy, 
or aryloyloxy or ~1 and R2.2 together form an oxo; 

R24 is hydrogen or hydroxy or lower alkanoyloxy, 
alkenoyloxy, alkynoyloxy, or aryloyloxy; or 

R,J and R,4 t:ogether form an oxo or methylene; or 

11111111111111 1111111111111111 
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R.21 and R2" together with the carbon a tom to 
which they are attached form an oxirane ring. 

. 21.. The alkoxide of claim 9 wherein R2• 

iEJ hydroxy or lower alkanoyloxy, alkenoyloxy, 

alkynoyloxy, or aryloyloxy. 

22. . 1 The alkoxide of claim 9 wherein R,.4 

is lower alkanoyloxy. 

23. The alkoxide of claim 9 wherein Ras 
is hydroxy or lower alkanoyloxy, alkenoyloxy, 
alk.ynoyloxy, or aryloyloxy, and R,11; ia hydrogen. 

24. 'I'he alkoxide of claim 9 wherein ~5 
is lower aryloyloxy, and ~' is hydrogen. 

25. The alkoxide of claim 9 wherein RH 

is lower. alkanoyloxy, ~5 is lower aryloyloxy, and R26 is 

hydrogen. 

26-. The alkoxide of claim 9 wherein R:n 

is R2 , is hydroxy or lower alkoxy, alkanoyloxy, 
alkenoyloxy, alkynoyloxy, or aryloyloxy. 

27. The alkoxide of claim 9 wherein 
R15 is hydrogen; 

Ru is hydroxy or lower alkoxy, alkanoyloxy, 
alkenoyloxy, alk.ynoyloxy; or aryloyloxy; 

R1 ., together with R10 form an oxo; 
R19 is hydrogen; 
~o is hydroxy or lower alkoxy, alkanoyloxy, 

alkenoyloxy, alkynoyloxy, or aryloyloxy; 
R:a. is acetoxy; 
R25 is benzoyloxy; and 

\ \11\11\ \\\I\\ 111\l \\1\1 " \II\ 
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~7 is hydroxy. 

' 28. The metal alkoxide of claim 9 

wherein M is a Group IA, IIA, IIIA, lanthanide, actinide, 
Group IIIA, IVA, VA, or VIA metal, zinc or cadmium. 

29. The metal alkoxide of claim 9 

wherein the metal is a Group IA, IIA or transition metal. 

30. • The metal alkoxide of claim 9 
wherein the metal is lithium, magnesium, sodium, 
potassium or titanium. 

The metal alkoxide of claim 9 

wherein the metal is lithium. 

32. · An alkoxide having the formula: 

wherein 

M is a metal1 

R16 is hydrogen, hydro~y, lower alKanoyloxy, 
alkenoyloxy, alkynoyloxy or a:r:yloyloxy, or oxo; 

R18 is hydrogen, lower alkanoyloxy, alkenoyloxy, 
al~ynoyloxy or aryloyloxy, or oxo; 

R2o is hydrogen, hydroxy, lower alkanoyloxy, 
alkenoyloxy, alkynoyloxy or aryloyloxy; 

11111111111111111111111111 1111 
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Rn and R21 are independently hydrogen or lower 
alkanoyloxy, alkenoyloxy, alkynoyloxy, or aryloyloxy or 
R;i1 and R22 together form an oxo; 

R2~ is hydrogen or hydroxy or lower alkanoyloxy, 
a:Lkenoylqxy, alkynoylox.y, or acyloyloxy; or 

R:a1 and R24 together form an oxo or methylene; or 
~3 and R21 together with the carbon atom to 

which they are attached form an oxirane ring; and 
~5 is hydrogen, hydroxy, lower alkanoyloxy, 

alkenoyloxy, alkynoyloxy or aryloyloxy, or oxo; and 
R27 is hydrogen, hydroxy, lower alkanoyloxy, 

alkenoyloxy, alkynoyloxy or a~yloyloxy. 

33. The alkoxide of claim 32 wherein R21 

is hydrogen or together with R21 forms an oxo. 

34. The alkoxide of .claim 32 wherein R1, 

is lower alkanoyloxy, alkenoyloxy, alkynoyloxy or 
aryloyloxy. 

35. The alkoxide of claim 32 wherein Ru 
is lower alkanoyloxy. 

36. The alkoxide of claim 32 wharein R18 

is hydrogen or lower alkanoyloxy, alkenoyloxy, 
alkynoyloxy, o~ aryloyloxy. 

· The alkoxide of claim 32 wherein R18 

·is oxo. 

38. · The alkoxide of claim 32 wherein R20 

is hydrogen or hydroxy. 

I 1111111 111111 1111111111111111 
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39. The alkoxide of claim J 2 wherein R21 

is hydl:'oxy or lower alkanoyloxy, alkenoyloxy, 
alkynoyloxy, or aryloyloxy. 

40. The alkoxide of claim 32 wherein 
Ric is hydroxy or lower alkanoyloxy, 

alkenoyloxy, alkynoyloxy, or aryloyloxy; 
R18 is oxo; 
~o is hydroxy or lower alkanoyloxy, 

alkenoyloxy, alkynoyloxy, or aryloyloxy; 
R::a4 is acetoxy; 
llzs is benzoyloxy; and. 

Ra-, i a hydroxy. 

41. The metal ·alkoxide of claim 32 
wherein M is a Group IA, IIA, IIIA, l~nthanide, actinide, 
Group IIIA, IVA, VA, or VIA metal, zinc or cadmium, 

. !J2. The metal alkoxide of claim 32 
wherein the metal is a Group IA, IIA or transition metal. 

43. The metal alkoxide of claim 32 
wherein the metal is lithium, magnesium, sodium, 
potassium or titanium. 

44. The metal alkoxide of claim 32 
wherein the metal is lithium. 
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